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CHAPTER I
INTRODUCTION
Background
Crop planting decisions are predicated on several cultural and economic factors.
Reviewed studies do not offer sufficient evidence to support producers shifting to early
maturing corn hybrids in the mid-south to southeastern regions of the U.S. These studies
are from locations around the world and in the upper Midwestern U.S. Corn Belt and do
not include analysis of corn production from southern states. Furthermore, corn available
for production differ depending on geography (Pioneer.com, 2015). With the
development of extremely early-maturing corn (Zea mays L.) cultivars, producers
question how late planting can be delayed in semiarid regions without adversely affecting
yields (Alessi and Power, 1975). This study demonstrated that, in certain conditions,
earlier maturing produced more grain than later maturing, by up to 12% more. Several
other studies include that would compete in the Corn Belt, but were not evaluated in
comparison with the longer-maturing located in the southern U.S.
Growers in the U.S. strongly rely on university hybrid trials to select the best
hybrid for their region. Ideally, growers should be able to make informed decisions and
have more hybrids available to them for making agronomic decisions. Growers also have
logistical concerns associated with both transporting and storing their grain at harvest.
Including an earlier maturing hybrid on some farmland could help grower’s space out
1

their grain transportation and storage demands. Planting early and harvesting early may
allow the farmer to get to the grain elevator earlier than other producers and may allow
the farmer to harvest a percentage of his acres early to stagger the need for combines to
cover his whole farm. This may also reduce the risk of growers paying increased prices
for custom trucking to haul their grain to the elevator during peak harvest times
(Robinson, 2011).
Purpose of Study
The purpose of this study was to evaluate methods to reduce the time to harvest of
corn, and reduce the likelihood of heat and drought negatively affecting corn grain yield.
This study combined objectives relating to relative maturity, fertilizer, and hormone
amendments to enhance plant growth and development. This study utilized new products
and commercially available hybrids to increase yield.
The results of this research may help producers make informed decisions and
leverage hybrid maturities to decrease growing season duration. This research also aims
to assist producers in optimizing the growth of their corn plants and encouraging the
plants to mature faster using foliar Zn, starter fertilizer, and Ascend to avoid stresses
during the historically hotter and drier months of the season.
Study Hypotheses
Longer season relative maturities have an advantage over shorter season hybrids
because they have more time, leaf area, and biomass to transfer during grain fill. Short
season hybrids may provide an advantage in ways other than yield that keep them

2

competitive and increase producer’s profits by being ready to harvest earlier in the season
and capturing premiums on the market..
Early maturing maize has the potential to avoid late season drought and heat
stress by decreasing time to tassel, mid-silk, silk, seed set, , chlorosis, necrosis, and black
layer. This allows the plant to pollinate earlier in the year during lower temperatures and
higher percentage chance of timely rainfall (late-May to early-June). The study
hypothesis is corn nutrient treatments starter fertilizer (10-34-0), foliar applied Zn, plant
micronutrients manganese, Zn, copper, plant hormones kinetin, indole butyric acid, and
gibberellic acid will improve early maturing maize yield.
Study Objectives
The objectives of this research were to:
1.

To examine phenotypic characteristics of relative maturities,

2.

To describe the effects of foliar Zn, 10-34-0, and Ascend on growth
patterns, length of season, and yield, and

3.

To record vegetation indices’ sensitivity to SPAD and relative yield.
Expected Outcomes

Outcomes of this study are expected to change producer’s attitudes towards
earlier maturities and push producers to establish variable maturities on farm as well as
use existing treatments to decrease time to harvest.

3

CHAPTER II
LITERATURE REVIEW
Corn Culture
Corn (Zea mays L.) is a versatile crop grown annually around the world. The
grain is a moderate source of protein, source of vitamin B-complex, vegetable cooking
oil, and feed- and fuel-stock for animal and ethanol production (Jhariya and Kumar,
2013). During 2016, over 2,000 corn growers in Mississippi produced an average yield of
10.22 Mg ha-1 (163 bu ac-1) resulting in over US$436 million dollars in state revenue
(MSU DAFVM, 2016; USDA NASS, 2016). Corn is ranked fifth as the most important
revenue-generating commodity based on dollars per year income in Mississippi following
chickens, forestry, soybeans, and cotton (MSU DAFVM, 2016). The 2016 United States
corn production yielded 383.56 Tg (15.1 billion bu) with an average yield of 10.95 Mg
ha-1 (174.6 bu ac-1). Estimated harvest hectares for U.S. are 35.1 million (86.7 million
acres) (USDA NASS, 2017).
In Mississippi, corn is normally planted between March 17 and May 4 and
harvested between August 11 and October 7 (USDA-NASS, 2010). However, the
majority of corn harvested occurs between August 23 and September 23 under normal
conditions (USDA-NASS, 2010). Several potential advantages of planting faster
maturing hybrids at earlier planting/harvest dates may be provided to growers.
Furthermore, harvesting early maturing corn may produce gains in early market
4

premiums, reduce risk of severe weather (like hurricanes) and aflatoxin, and improved
management of the farm operation and timely harvesting (Brandon, 2009).
Early maturing hybrids were less affected by Western corn rootworm that has a
decreased survival rate and 60% fewer adults than in late maturing hybrids (Stavisky and
Davis, 1997). An evaluation of European maize resistance to European corn borer
revealed a negatively correlated damage rating with days to silking (Melchinger et al.,
1998). This supports the theory that earlier maturing varieties have greater ability to
resist insects or complete the production cycle prior to the arrival of these insects. In a
moisture stress study, drought before, during and after silking reduced yield by 25%,
50%, and 21%, respectively (Denmead and Shaw, 1960). Cakir (2004) supports this
claim and, in conjunction with new hybrids available in 2004, corn yield reduction can
range up to 40% for drought periods. Gilmore and Rogers (1958) found that while a
measurement of growing degree-days stays the same regardless of corn planting date,
actual calendar days for growth vary greatly due to lower temperatures early in the
season. In certain environmental conditions, such as heat and drought, earlier maturing
varieties can produce more grain than later maturing varieties, by up to 12% more (Alessi
and Power, 1974).
Results from an economic study on different corn hybrids in Wisconsin
demonstrates planting different maturities decreased the risk of yield reduction while
increasing profitability in the Corn Belt region of the U.S (Chavas et al., 2001). Moussie
and Foaguegue (1994) determined that early maturing varieties are more sought after by
growers in Cameroon, Africa. A ten-year economic longitudinal study on relative
maturity in Michigan, United States, compared five early-maturing varieties with five
5

late-maturing varieties. Results illustrate while late maturing hybrids yield greater than
the early maturing varieties, only two of 10 years produced yields significantly greater
than early maturing hybrids. In the same study, the early maturing hybrids showed
greater net returns than the late maturing hybrids due to higher prices early in the season
and decreased energy cost of drying (Hao et al., 2010). Recently in Nigeria, early
maturing corn varieties have increased local grower incomes and social status (Nathanel
et al., 2015).
The mean price per bushel of corn is $0.18 cents higher in August than in
September over the past 30 years (University of Illinois, 2017).
Effect of Days to Maturity on Corn Yield
Hybrid maturity can be calculated using growing degree days, or crop heat units.
Each company calculates relative maturity differently and assigns these maturities to
hybrids they produce. These maturities show different responses based on environment.
Dwyer et al. (1999) determined that relative maturity can be used as a general guideline
even when developed using different systems. These hybrid maturities will be referred to
as relative maturity.
Early maturing hybrids were found to have a decrease in harvest moisture of 10 g
kg-1 below full season hybrids planted on the same day with the same population. Full
season hybrids will yield greater at a lower optimum population as compared to short
season hybrids, regardless of planting date (Lindsey and Thomison, 2016).
Full season corn hybrids produce more grain and biomass than earlier maturing
hybrids, especially within a weed free system in which corn is not competing with other
crops (Crusciol et al., 2013; Wilkens et al., 2015). However, earlier maturing hybrids
6

generated higher grain yields in an intercropping production practices with Urochloa
brizantha (palisade grass) than longer season hybrids used for forage production
(Crusciol et al., 2013).
A three year study in Wooster, Ohio, showed that hybrid maturity had no effect
on European corn borer populations (Obopile and Hammond, 2013).
“Corn hybrids have benefited from many decades of genetic improvement not
only in yield potential but also in a wide variety of other traits important to
growers. Relative maturity, test weight, stand ability, disease and insect
resistance, seed quality and dry-down rate are all factors to be studied and
considered in making a hybrid selection” (Liane, 2009).
Due to the developments made by Obopile and Hammond (2013) as well as Liane
(2009) there are smaller differences between relative maturities with respect to insect
pressure because of traits like Bt.
Early maturing hybrids also have decreased days to silking compared to late
maturing hybrids, but growth rate does not affect days to silking or the relative maturity
(Oluwaranti et al., 2015).
Djurovic´ et al. (2014) showed earlier hybrids have reduced yield compared to
later maturing hybrids. Earlier hybrids have higher yield stability under less optimal
conditions (Djurovic´ et al., 2014). They show better tolerance of unfavorable
environmental conditions (Djurovic´ et al., 2014). Djurovic `et al. (2014) recommends
earlier maturing hybrids for low intensity cultural practices and stressful environments.
Corn seed selection and production recommendations (hybrid, maturity, density
and row spacing) should be evaluated frequently to ensure that practices remain current
7

with new genetic and technological improvements (Raymond et al., 2009). Medium to
late maturing varieties out yielded early hybrids in a 5 year study evaluating density,
irrigation, and relative maturity in Virginia (Raymond et al., 2009). Regardless of
planting date, grain yield for late maturing hybrids were greater than early maturing
hybrids across 2 y and three locations (Staggenborg et al., 1999).
Newer hybrids have been shown to have increased levels of stress tolerance
compared to older hybrids, a trait that is correlated with higher yields (Nissanka et al.,
1997; Tollenaar et al., 1997; Tollenaar and Wu, 1999; Tokatlidis and Koutroubas, 2004;
Chen et al., 2015). Stress tolerance may be exhibited as weed, moisture, low soil
Nitrogen (N), and silking sensitivity during which the newer hybrids produce more
kernels under stress than older hybrids. Newer hybrids were also shown to have more
efficient N use during reproductive growth stage and a larger source to sink ratio for
assimilates during grain fill (Rajcan and Tollenaar, 1999). Percentage moisture in the
grain at harvest was not affected by row spacing or plant populations but was affected by
the hybrid used (Lutz et al., 1971).
Ascend Components
Manganese
Manganese (Mn) is a photosynthetic micronutrient essential for corn plant growth
and development (Shambhavi et al., 2016). Nitrogen, P and K fertilizers significantly
increase the Mn available to plants whether they are organic or inorganic based (Zhang et
al., 2015). Diethylene triamine pentaacetic acid (DTPA) extraction shows extractable Mn
is highly correlated with Mn concentrations in stalks and grain (Fan et al., 2012). Fan et
al., (2012) compared chemical fertilizer and horse manure, and found chemical fertilizer
8

results in greater DTPA extractable Mn compared to the horse manure. Mn increases
plant height, cob size, grains per plant, total grain yield, and seed protein content at a rate
of 15 kg ha-1 (Khan et al., 2014).
Additive Zinc
Zinc is used by plants as a catalytic element for more than 300 enzymes and
develops structures used in stabilization of many proteins (Vatansever et al., 2016). Zinc
works in proteins to control seed germination, plant size, flowering time and stress
responses (Jang, 2016). Deficiency of Zn elicits different responses among plant species
and can cause inhibition of photosynthesis in Photosystem II (Zhao and Wu, 2017). The
micronutrient interacts with meristematic cells causing an accumulation of biomass
(Venkatachalam et al., 2017).
Additive Copper
Copper (Cu) acts as a metal component of enzymes and is an essential
micronutrient for plants (Adhikari et al., 2016). Copper at high concentrations can
decrease root and shoot length, number of roots, and chlorophyll and carotenoid pigments
(Aly and Mohamed, 2012). However, Cu is an important nutrient in maize growth and
development. Copper increases elongation of roots, chlorophyll content, leaf area,
diameter and length of ear, thousand grain weight, and yield at concentrations less than
100 g ha-1 (Barbosa et al., 2013; Ratke et al., 2014; Adhikari et al., 2016).
Kinetin Growth Hormone
Cytokinins are used to stimulate cell division as well as inducing the growth of
lateral buds and leaf expansion, chloroplast development and delayed senescence
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(Hopkins and Huner, 2009). Kinetin improves the root growth of maize plants in
conjunction with plant growth promoting rhizobacteria (PGPR) (Hopkins and Huner,
2009). If PGPR is present in the soil, addition of kinetin improves maize root growth by
up to 50% and plant height by up to 53% as well as increasing uptake of N, P, and K
nutrients (Sabir et al., 2013). Kinetin increases the stability of chlorophyll, antioxidant
enzymes and inhibits lipid peroxidation which results in an alleviation of stress to maize
seedlings (Wang et al., 2015). Also, seed dressing with kinetin can prevent the premature
senescence of roots and leaves that could improve maize yield (Shao RuiXin et al.,
2012b). Kinetin maintains thylakoids which in turn increases chlorophyll and carotenoids
(Shao RuiXin et al., 2012a). Foliar application of 200 ppm kinetin ameliorated the effect
of saline soils in regard to fresh and dry weight, leaf area and pigmentation (El-Samad
and Shaddad, 2014).
Indolebutyric Acid
Auxins are used by plants to control the enlargement of plant cells and are
distributed throughout the entire plant (Hopkins and Huner, 2009). Indolebutyric Acid
(IBA) naturally occurs in maize plants (Epstein et al., 1989). Indolebutyric Acid
increased ear length and grain yield in maize (Ghodrat et al., 2012). Indolebutyric Acid
did not increase root growth (Dhumale et al., 2003) and (Ludwig- Müller et al., 2005).
Other studies show an increase in lateral root formation, crown root formation, and brace
root formation (Martínez-Morales et al., 2003; Muoma et al., 2008; Schlicht et al., 2013;
Martínez-de la Cruz et al., 2015; Márquez et al., 2016). Indolebutyric Acid significantly
increased leaf dry matter across varying application rates of N (Otie et al., 2016).
Watering in IBA into the soil is superior to seed immersion and spraying on shoots
10

compared over fresh and dry root weight (Chouychai et al., 2015). Foliar application of
IBA increases plant height, number of leaves per plant, stem diameter, leaf area index,
leaf weight, and dry weight per plant if applied at a concentration in water of 100 mg L-1
(Amin et al., 2006). The study shows yield components such as ear length and diameter,
number of grains per row and rows per ear, 100 kernel weights and grain weight per plant
were all increased significantly following IBA application. IBA is found in low amounts
in young maize plants (Fitze et al., 2005). IBA assists with plant regeneration using callus
tissue (Zhong et al., 1992; Huang and Wei, 2004; Butiuc-Keul et al., 2005). Although the
data in the literature are somewhat conflicting we anticipate IBA can facilitate rapid
development and maturity.
Gibberellic Acid
Gibberellins promote seed germination, mobilization of endosperm, leaf
expansion, pollen maturation, flowering and fruit development (Hopkins and Huner,
2009). Gibberellic Acid (GA) enhances seedling growth through increased mobilization
of starches and suppression of oxidative stresses. The same study also found that GA
increases seedling growth in the coleoptiles and roots (Sunmonu et al., 2016). Ghodrat
and Rousta (2012) found that priming seeds with GA increased shoot and root length as
well as dry and fresh weight. Application of 100ppm of GA increases germination
percentage, leaf area, plant biological yield, and grain weight produced per plant (AlDelaimy and Al-Mamoori, 2016). Gibberellic Acid significantly reduced drought stress
during the vegetative growth of maize if applied at 50 mg L-1 (Nurunnaher Akter et al.,
2014). Akter et al. (2014) explained the yield advantages as improving cob and seedbearing capacity of maize under drought stress. GA application increased ear length and
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grain yield in maize (Ghodrat et al., 2012). Gibberellic Acid increased early growth stage
lateral root development in maize (Zimmermann et al., 2010). Foliar application of 200
ppm GA ameliorated the effect of saline soils in regard to fresh and dry weight, leaf area
and pigmentation (El-Samad and Shaddad, 2014).
Shafigh et al. (2016) found GA did not significantly affect shoot growth or root
growth. In a foliar application study GA was applied with kinetin and increased the
amounts of carbohydrates in leaves (Mehri, 2015). Priming seeds with GA had no effect
on seed germination (Ghodrat and Rousta, 2012). Gibberellic Acid had little effect
reducing stress during reproductive growth stages (Nurunnaher Akter et al., 2014).
Zinc in Corn
Application of Zn to cotton (Gossypium hirsutum L.) has been shown to increase
growth and biomass accumulation by up to 125.4-132.8% (Priyanka and Venkatachalam,
2016). Zinc applications of up to 1 kg ha-1 increased grain and vegetation yield in corn
grown on Zn deficient soils (Behera et al., 2015). In rice (Oryza sativa) Zn can increase
grain yield by up to 10% (Zhou et al., 2017). In 60 rice genotypes deficiency of Zn
resulted in decreased shoot and root dry matter production (Vanitha et al., 2016).
Zinc nano-particles (<100 nm) increase growth of maize in plant height, root
length, root volume, and dry matter accumulation (Adhikari et al., 2015). In conditions
with high soil saline content chlorophyll content and carbonic anhydrase (CAA) in maize
both increased with Zn application (SALAMA et al., 2014).
The application method of Zn to soil, leaves, or seed of maize plants did not
produce a different effect with respect to Zn concentration in shoots, leaves, and grain
and did not affect yield (Puga et al., 2013). While not increasing biomass and grain yield
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in maize, foliar Zn application significantly increases grain Zn content (Puga et al., 2013;
Akinwale and Adewopo, 2016; Hui Mao et al., 2016).
Starter fertilizer in corn
Starter fertilizer increases early season plant height, kernel mass, decreases days
to silking, and decreases grain moisture at harvest (Kaiser et al., 2016). Kaiser, 2016, also
noted that in-furrow starter fertilizer did not significantly affect economic grain
production. Starter fertilizer increased early season plant growth and nutrient uptake
(Kim et al., 2013). Starter fertilizers containing P increased plant mass early in the season
and fertilizers containing N, K, and S reduce plant mass (Kaiser and Rubin, 2013). In two
of eight site years starter fertilizer including P increased grain yields (McGrath and
Binford, 2012). Starter fertilizers including P and K were shown to have no impact on
yield across soil test levels and soil types (Mallarino et al., 2011). The impact of starter
fertilizer on corn is largely environment and year dependent.
Biophysical parameters measured
Plant Heights
Ahmadi et al., (2014) used plant height to study forage and corn growth. The
study showed corn plant height is a significant factor in total leaf area (Ahmadi et al.,
2014). Plant heights have been used to predict ear leaf N content on non-irrigated plots
(Yin et al., 2012). Plant height and stalk diameter predicts by-plant grain yield (Kelly et
al., 2015). Plant height and first ear height varied significantly across hybrid varieties.
Bayram et al. (2016) found that increasing density also increased plant height and first
ear height. Research from China suggest over 61 corn hybrids exhibited decreased plant
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height during drought later in the season (BaoCheng et al., 2012). Drought is a significant
factor to consider while evaluating plant height differences.
Chlorophyll Content
Chlorophyll content may be predicted by measuring light transmittance ratio
between 650 nm and 940 nm wavelengths produced by a SPAD-502 meter (Konica
Minolta, Japan). The SPAD meter provides a unit-less measurement of plant greenness.
SPAD levels change depending on the soil type, hybrid, and fertilizer application
(Martínez et al., 2015, 2017).
Vegetation Indices
Normalized Difference Vegetation Index
The Normalized Difference Vegetation Index (NDVI) was proposed as an
algorithm that shows green features that correlate to visual biomass (Rouse et al., 1973).
It has been used to estimate crop water holding capacity from remotely sensed data
(Araya et al., 2016). It is useful in estimating plant biomass if combined with LiDAR
remotely sensed data (Schaefer and Lamb, 2016).
Green Normalized Difference Vegetation Index
Gitelson first introduced the GNDVI in 1996. In its introduction he proposed that
this new VI is more sensitive to chlorophyll-a than NDVI (Gitelson et al., 1996). Gitelson
proposed that GNDVI could be useful to detect more variance in the concentration of
chlorophyll and rate of photosynthesis to indicate plant stress.
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Normalized Difference Red Edge Vegetation Index
The Normalized Difference Red Edge Vegetation Index (NDRE) can measure
chlorophyll content. Barnes et al. (2000) states that NDRE can be plotted against NDVI
to give the limits of Chlorophyll in the plant.
Linear Red Edge Index
The Linear Red Edge Index (LREI) was used by Guyot et al. (1992) to try to
determine chlorophyll content in plant leaves. Guyot stated that the most important
factors for this index are chlorophyll concentration and the Leaf Area Index. Canopy
geometry may affect the LREI value, but this change should not adversely affect this
study because spectral reflectance was measured on the leaf and not the canopy.
Simplified Canopy Chlorophyll Content Index
A spectral bandwidth region known as the Red Edge of plant reflectance (690-740
nm) can indicate N status in plants (Curran, 1989). Simplified Canopy Chlorophyll
Content Index (SCCCI) (R790 and R700) clearly distinguishes between plants having
low to high N content (Barnes et al. 2000). The SCCCI index can assess early corn N
status using a tractor-mounted spectroradiometer (Fox, 2015; Varco et al., 2013). These
studies found the SCCCI to be the strongest indicator of N concentration in leaves among
four indices (NDVI, GNDVI, and NDRE).
Early N Detection Vegetation Index
A theoretical Early N Detection Vegetation Index (ENDVI) was taken from
research conducted by Fox et al. (2015). It was presented as an improved alternative to
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the SCCCI in that it indirectly incorporated the green bandwidth to the SCCCI previously
stated.
Sensitivity Equivalent (SEq)
Fox (2015) used methods developed by Raper and Varco (2014) to compare
Pearson’s correlation coefficient of spectral bands to VI’s in cotton and corn. These
methods produce a sensitivity equivalent to compare a VI to a biophysical parameter. The
SEq is the slope of a parameter to VI linear relationship divided by the Root Mean
Squared Error. Higher SEq values demonstrate stronger sensitivity of VI’s to biophysical
parameters. Raper and Varco (2014) methods were based on previous research by Vina
and Gitelson (2005) and Solari et al. (2008).
Leaf Area Index (LAI)
LAI is highly correlated with grain yield, up to 87% during VT/R1 growth stage
of corn (Bavec and Bavec, 2002). LAI was found to be a moderately strong predictor of
yield from remotely sensed data. (Ho-Young Ban et al., 2017).
Hundred Kernel Weights
Varieties exhibit significantly different seed weight per 100. Bayram et al. (2016)
also noted that as density increased, seed weight decreased per kernel. BaoCheng et al.
(2012) noted in researching 61 varieties of corn that seed weight might be a key
component to yield. Hock (2015) also noted significant differences between hybrids, up
to 12% increases depending on hybrid selection.
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Average Kernels per Ear
Bayram et al. (2016) suggested ear length was not significantly different between
varieties or density. However, this research was limited to only two varieties and four
levels of plant density. Ahmadi et al. (2014) noted a significant correlation between
forage yield and kernel number per row. Weight of 100 grains was evaluated and was
significantly influenced by increasing nitrogen applied to the crop (Torres et al., 2014).
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CHAPTER III
MATERIALS AND METHODS
Site Description
2015 Corn
Field experiments were conducted at four separate eastern Mississippi research
sites in 2015 and 2016. Two sites were located on the R. R. Foil Plant Science Research
Center (RRFPSRC) in Starkville, MS (33.472744ᴼ, -88.779788ᴼ and 33.468955ᴼ, 88.757551ᴼ, respectively). Two additional sites were located at the Black Belt
Experiment Station in Brooksville, MS (BBES) (33.263687ᴼ, -88.552512ᴼ) and the
Northeast Mississippi Branch Experiment Station in Verona, MS (NMBES) (34.169244ᴼ,
-88.741696ᴼ). (Figure 3.1)
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Figure 3.1

Map of 2015 and 2016 field research sites in Mississippi.

All of the research locations are located within the USGS Southeastern Plains
Ecoregion, which is described as containing cropland, pasture, forest, and wetlands. It is
characterized as a region with long growing seasons as well as abundant rainfall (Figure
3.2).
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Figure 3.2

Southeastern Plains Ecoregion U.S.G.S. Map, Vogelmann et al., 2001.

All research locations were located within major land resource area (MLRA)
133A – Southern Coastal Plain. Average precipitation for the area is usually 1,550 to
1,830 mm (61 - 72 in). Main soils for the area are Ultisols, Entisols, and Inceptisols. The
dominant soils have a thermic soil temperature regime, an udic or aquic moisture regime,
and siliceous or kaolinitic minerology and are generally very deep. Private cropland
makes up the biggest portion of this MLRA at 17%. (USDA NRCS, 2006).
The soils for each research site are shown in Table 3.1.
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OkA - Okolona silty clay

BBES

RRFPSRC

Soil
Mr - Marietta loam
Le - Leeper silty clay loam
Mt - Marietta fine sandy
loam
Ap - 0-7 inches: silty clay

Ap - 0-10 inches: loam
Ap - 0-7 inches: silty clay loam
H1 - 0-10 inches: fine sandy
loam

Soil taxonomic classifications for all soil series.

Location
NMBES
RRFPSRC

Table 3.1

A - 7-29 inches: silty clay

Bw - 29-41 inches: silty clay

Typical Profile
Bw - 10-46 inches: loam
Cg - 46-80 inches: sandy clay
Bw - 7-48 inches: clay
Bg - 48-80 inches: clay
H2 - 10-46 inches: silty clay
H3 - 46-62 inches: silty clay
loam
loam
C - 41-80 inches:
clay

Marietta loam in NMBES, Leeper silty clay loam, Marietta fine sandy loam in
RRFPSRC, and Okolona silty clay in BBES. All production was on rain-fed land with no
supplemental irrigation. Following the 2014 production year, all fields were disked and
hipped. P, K, and lime were applied according to soil test recommendations from fall
2014. Weeds were controlled throughout the year using modern accepted cultural and
chemical practices.
The first experimental design (Relative Maturity) was a randomized complete
block design with four replications per location. This design was used to evaluate
eighteen relative maturities. The eighteen maturities per replication equaled 72 plots per
location. This trial was replicated in RRFPSRC and BBES for a total of 144 plots in
2015.
The second experimental design (Fertility Trial) was a randomized complete
block design with split-plot application of treatments. The main plot treatments were
hybrids and the sub-plot treatments were Zn, 10-34-0, and Ascend. The design was used
to evaluate inputs to speed up a crop’s growth to harvest. There were two hybrids and six
treatments for 48 plots per location. This trial was replicated in NMBES and RRFPSRC
for 96 plots in 2015.
All field research was completed on four row plots, 96.45 cm (38 in) row spacing,
and were 9.15 m (30 ft.) long. A four-row buffer strip of hand-mixed corn seed
surrounded fields in Starkville. Within trials was an alley formed by a 3.05 m (10 ft.) gap
of bare soil between the end of a plot and the beginning of the next plot. Each plot was
planted in slight excess and thinned to exactly 74,100 plants ha-1 (30,000 plants ac-1).
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Plots were planted as early in the season as possible in all locations (Table 3.2;
Table 3.3).
Table 3.2

Cultural and sampling dates for treatment trial.
NMBES
Cultural
Planting
Population Control
Zinc Application
Sensing and Sampling
Plant Height V4
V5
VT
R5
Grain Harvest
RRFPSRC
Cultural
Planting
Population Control
Zinc Application
Sensing and Sampling
V5
VT
R5
Grain Harvest
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Dates
2015
1-May
21-May
4-Jun
*
4-Jun
1-Jul
6-Aug
29-Aug
Dates
2015
9-May
20-May
5-Jun
5-Jun
30-Jun
5-Aug
2-Sep

Table 3.3

Cultural and sampling dates for relative maturity trial.
RRFPSRC
Cultural
Planting
Population Control
Sensing and Sampling
LAI
Plant Height VT
Plant Height R5
Ear Height R5
Canopy Temperature
Grain Harvest

Dates
2015
9-May
20-May

BBES

Dates
2015
5-May
22-May

Cultural
Planting
Population Control
Sensing and Sampling
Vigor
LAI
Grain Harvest

9-Jul
----3-Sep

3-Jun
10-Jul
4-Sep

2016 Corn
The Relative Maturity experimental design was a randomized complete block
design with four replications per location. Treatments consisted of twenty hybrids.
Twenty hybrids per replication totaled 100 plots per location. This trial was replicated in
RRFPSRC and NMBES for 200 plots in 2016.
The treatments trial experimental design was a randomized complete block design
with split plot application of treatments. This design was used to evaluate inputs
(treatments) of foliar Zn, starter fertilizer, and Ascend, to speed up a crop’s growth to
harvest. This design had four replications of two hybrids and six treatment combinations
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for 48 plots per location. This trial was replicated in NMBES and RRFPSRC for 96 plots
in 2016.
All field research was conducted with four row plots, on a 96.45 cm (38 in) row
spacing which is standard for this region. Plots were 9.15 m (30 ft.) long. Within trials,
an alley made up of a 3.05 m (10 ft.) gap of bare soil was established between the end of
a plot and the beginning of the next plot to help with planting and to separate treatments.
Each plot was over planted and thinned to 74,100 plants ha-1 (30,000 plants ac-1). Plots
were planted as early in the season as possible at all locations. The planting dates for each
trial are presented in Table 3.4 and Table 3.5.
Table 3.4

Cultural and sampling dates for treatment trial.
NMBES
Cultural
Planting
Population Control
Zinc Application
Sensing and Sampling
Plant Height V4
V5
VT
R5
Grain Harvest
RRFPSRC
Cultural
Planting
Population Control
Zinc Application
Sensing and Sampling
V5
VT
R5
Grain Harvest
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Dates
2016
23-Mar
29-Apr
17-May
11-May
17-May
7-Jun
22-Jul
18-Aug

2016
16-Mar
4-May
16-May
16-May
6-Jun
18-Jul
4-Aug

Table 3.5

Cultural and sampling dates for relative maturity trial.
RRFPSRC
Cultural
Planting
Population Control
Sensing and Sampling
LAI
Plant Height VT
Plant Height R5
Ear Height R5
Canopy Temperature
Grain Harvest
NMBES
Cultural
Planting
Population Control
Sensing and Sampling
Plant Height V5
LAI
Plant Height R5
Ear Height R5
Grain Harvest

Dates
2016
17-Mar
3-May
13-Jun
10-Jun
19-Jul
19-Jul
3-Jun
16-Aug
Dates
2016
22-Mar
29-Apr
7-Jun
7-Jun
22-Jun
22-Jun
8-Aug

Nitrogen (32%)
All research fields were treated with split applications of 32-0-0 that totaled 224
kg N ha-1 (200 lb N ac-1) using a liquid fertilizer knife rig. The first application was made
at planting at a rate of 84 kg N ha-1 (75 lb N ac-1). A sidedress pplication was applied at
vegetative growth stage V5 at a rate of 140 kg N ha-1 (125 lb N ac-1).
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Treatments
Starter Fertilizer – Ammonium Polyphosphate (10-34-0)
A starter fertilizer consisting of a formula of 10-34-0 was banded into the soil at a
rate of 93.54 L ha-1 (10 gal ac-1) using a liquid applicator attached to the planter. The
planter was equipped with no-till coulters and attached liquid knives set to apply the
fertilizer 5.08 cm (2 in) from the center of the row and 5.08 cm deep (2 in). The starter
fertilizer was knifed in tandem with planting.
Ascend Plant Hormones
Ascend, a plant growth regulator, manufactured by Winfield Solutions, LLC.
(Shoreview, MN) was used in this study. Ascend contains the micronutrients manganese
citrate (17-19%), zinc citrate (11-14%), copper citrate (3-5%), kinetin (0.09%),
indolebutyric acid (0.045%), and gibberellic acid (0.03%) (Winfield Solutions LLC.,
2013). Ascend was applied mixed in with the starter fertilizer at a rate of 0.29 L ha-1 (0.03
gal ac-1) . The mix of Ascend and starter fertilizer was applied in tandem with planting
using the no-till coulters and attached liquid knives at the rate of 93.54 L ha-1 (10 gal ac1

).To limit contamination, the Ascend and starter fertilizer mix was applied last in the

series of experiments.
Foliar Zinc (6-0-0-10 Zn)
Zinc was applied foliar by mixing it into a solution with water. It was applied with
a CO2 pressurized 11.36 L (3 gal) tank backpack sprayer calibrated to 9.46 ml s-1 (0.15
gal min-1) at a speed of 1.34 m s-1 (3 m hr-1). The Zn was applied at a rate of 4.67 L ha-1
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(0.5 gal ac-1) to all four rows of the plot at the fifth vegetative growth stage (five collared
leaves).
Hybrids
Hybrids changed from 2015 to 2016 research years. For 2015, 18 high-yielding
hybrids were selected based on their relative maturities from Monsanto (DeKalb),
DuPont (Pioneer), Dow AgroSciences (Mycogen), and Syngenta (Agrisure) and planted
side by side within the four replications. These hybrids are grouped by company and in
ascending order of maturity. Twenty hybrids were used in 2016 and were selected from
Monsanto (DeKalb), DuPont (Pioneer) and Syngenta (Agrisure). These hybrids are
grouped by company and in ascending order of maturity in Table 3.6 for easy evaluation.
Hybrids were randomly assigned in a randomized complete block design. To test the
treatments, seed from DeKalb, Pioneer and Mycogen were selected (Table 3.7). The
changes in hybrids from year to year and are noted later in the Experimental Differences
section (Table 3.12)
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Table 3.6

2015 corn hybrids and relative maturities.
Brand
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
Pioneer
Pioneer
Pioneer
Pioneer
Mycogen
Mycogen
Mycogen
Agrisure
Agrisure

Hybrid
49-29
50-84
53-78
54-38
55-93
60-63
62-08
67-57
69-29
0636
1197
1637
2089
2V717
2C799
2J794
N68
N79
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Relative
Maturity
99
100
103
104
105
110
112
116
119
106
111
116
120
111
113
115
111
115

Table 3.7

2016 corn hybrids and relative maturities.
Brand
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
DeKalb
Pioneer
Pioneer
Pioneer
Pioneer
Pioneer
Pioneer
Pioneer
Agrisure

Hybrid
42-37
47-35
49-29
50-84
53-78
54-38
55-20
55-93
60-63
62-08
67-57
69-29
9329
0339
0636
0843
1197
1637
2089
N68

Relative
Maturity
92
97
99
100
103
104
105
105
110
112
116
119
93
103
106
108
111
116
120
111

There were five hybrids used in the treatments trial in 2015 and 2016 to see if the
responses varied by hybrid. Table 3.8shows the hybrids used in this trial. Hybrids in
Treatment Trial (2015 and 2016)
Table 3.8

Corn hybrids for treatment trial (2015, 2016).
Brand
DeKalb
Pioneer
Mycogen
Mycogen
Mycogen

Hybrid
55-93
2089
2V717
2C799
2J794
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Relative
Maturity
105
120
111
113
115

Sensors Used in this Study
SE PSP-1100 SP
The Spectral Evolution PSP- 1100 spectrophotometer (Lawrence, MA) is an
active spectral sensor. It measures leaf-level reflectance by producing 520 bands
spanning 320-1131 nm. The bandwidths measure 3.2 nm. The SE has an internal light
source with a two-watt tungsten-halogen lamp. The sensor uses a fiber optic cable that is
calibrated using a Spectralon® (Labsphere, North Sutton, NH) white panel. Reflectance
graphs were generated with the proprietary DARWin® software.
AccuPar LP-80 PAR/LAI Ceptometer
Three averaged readings per plot were taken to measure Leaf Area Index using a
Decagon AccuPAR model LP-80 PAR/LAI Ceptometer (Decagon Devices, Pullman,
WA) at tassel vegetative growth stage. The AccuPAR device measured
Photosynthetically Active Radiation (PAR) in the 400-700nm waveband to produce a
Leaf Area Index scaled from 0-8.
SPAD Chlorophyll Meter
Chlorophyll content can be measured by measuring light transmittance ratio
between 650 nm and 940 nm wavelengths produced by a hand-held SPAD-502 meter
(Konica Minolta, Japan). The SPAD meter provides a unit-less measurement of plant
greenness that can be used to compare plot measurements.
Sampling
In situ data were taken in-season from all locations during the 5- to 6-leaf stage,
tasseling and R-5 (dent). Leaf and plant biophysical data were collected from five
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randomly selected plants on rows 2 and 3 of each plot. Individual plant data were
aggregated by plot for statistical analysis. Proximal parameters include plant height in
centimeters, vegetative or reproductive growth stage, upper most fully developed leaf
chlorophyll content, leaf area index (LAI) reading, SE 1100 hyperspectral reflectance of
the leaf, leaf dry weights and N content of the sampled leaves. All data were aggregated
at the plot level for comparison across treatments.
Plant Heights
Plant height was taken at V5 and VT growth stages. At V5, corn plants were
measured to the uppermost fully developed collared leaf, measured from the soil surface
to the tallest leaf collar. At VT, plants were measured to the top of the tassel. At each
sampling, five plant heights were measured per plot and averaged to compare across
treatments.
Ear Heights
Ear heights were taken at reproductive growth stage five (dent). The height of the
ear was measured from the soil surface to the base of the ear. Five ear heights were taken
per plot and averaged to compare across treatments.
Vegetative Growth Stages
Individual growth stage status was monitored during the time all plots averaged
vegetative leaf stage five and seven. Five measurements taken on rows 2 and 3 of each
plot were averaged and used to compare across treatments. The leaf stages were
measured by counting the collared leaves on individual plants. Growth stages started at
V1 for the first leaf following the cotyledon.
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Tasseling and Silking Dates
Time (days) to tasseling and silking were measured. Tasseling date was recorded
when all the corn plants in a plot reached vegetative tassel, with the tassel on all plants
emerged from the top flag leaf. Mid-silk was recorded when half of the plants in the plot
emerged silks. Full silk was recorded once all of the plants in the plot entered the silking,
R1, growth stage.
SPAD Chlorophyll Content
The uppermost collared leaf was harvested at the base of the leaf and sampled for
SPAD chlorophyll content during vegetative leaf 5, vegetative tasseling, and reproductive
dent growth stages. Three readings per leaf were averaged to give a reading for each leaf.
Five leaves were measured on rows 2 and 3 of each plot and averaged to compare across
treatments for V5, VT, and R5 growth stages. The specific leaf sampling sites are
demonstrated in Figure 3.3.

Figure 3.3

Leaf sampling sites for spectral instruments.
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Reflectance Data Acquisition
The uppermost collared leaf was harvested at the base of the leaf and sampled for
hyperspectral reflectance using the Spectral Evolution PSP-1100 hand-held
spectroradiometer (Spectral Evolution, Lawrence MA) during vegetative leaf 5,
vegetative tasseling, and reproductive dent.. The sampling probe was attached to a leaf
clip by a one-meter bifurcated fiber-optic light source. All data were post-processed from
.sed to .csv files and converted to an MS Excel(R) .xls file format. The SE sensor captures
512 bandwidths from 312.1-1113.4 nm with a spectral resolution of 3.2 nm. Bandwidths
between 450.6 and 849.7 were selected for this study (Table 3.9)
Table 3.9

Spectral bands measured by SE 1100.
Bandwidth
Region

SE
450.6
500.0
550.0
569.9
600.6
620.7
639.3
650.2
659.5
670.4
679.8
700.2
709.6
720.6
739.6
760.2
779.2
800.0
840.0
849.7

Green

Red

Red Edge

NIR
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The SE sensor was calibrated by using a Spectralon® panel and the sample was
recorded. One reading was taken per leaf mid-leaf halfway between the mid-rib and leaf
margin. Data were aggregated per plot to compare across treatments. Temporal data
collection was accomplished by collecting data at growth stages V5, VT, and R5.
Vegetation Indices
A vegetation index (VI) is calculated using a mathematical algorithm that
evaluates reflected wavelengths measured by a spectrometer. The VIs chosen for this
study were noted for their ability to relate corn yield to other production factors. For this
study, six vegetation indices (VIs) were employed to fit spectral measures of leaf N
concentration and SPAD chlorophyll. The VIs were calculated using the hyperspectral
data collected by the SE. Table 3.10 details the VIs used in this study. The VIs used in
this study were calculated in Microsoft (MS) Excel®.
Table 3.10
Acronym
NDVI

Vegetation Indices measured.
Name
Normalized Vegetation
Index

GNDVI

Green NDVI

NDRE

Normalized Difference
Red Edge

LREI

Linear Red Edge Index

SCCCI

Canopy Chlorophyll
Content Index

ENDVI

Early N Detection VI

Algorithm
(R840R650)/(R840+R650)
(R840R550)/(R840+R550)

Reference
(Rouse et al., 1974)

(Gitelson et al.,
1996)
(Barnes et al.,
R780-R720/R780+R720 2000);
(Varco et al., 2013)
R700+40[(R670+R780)/
(Guyot et al., 1992)
2-R700]/(R740-R700)
(Barnes et al.,
2000);
NDRE/NDVI
(Varco et al., 2013);
(Raper and Varco,
2015)
R550^.003/SCCCI
(Fox, 2015)
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Vegetation Index Sensitivities
Sensitivity equivalents (SEq) calculated compared VIs to measured biophysical
parameters. The equation for the SEq is dividing the slope of an equation by the
corresponding root-mean-square-error (Fox, 2015; Raper and Varco, 2014; Solari et al.,
2008; Vina and Gitelson, 2005). Greater SEq values show sensitivities of VIs to the
biophysical parameters measured. VIs calculated are shown in Table 3.10.
Leaf Area Index (LAI)
Leaf area index was measured using an AccuPAR model LP-80 PAR/LAI
Ceptometer during three growth stages, V5, VT, and R5. The AccuPAR was held
horizontal to the ground underneath the canopy on the third row of the plot, with the
operator standing between rows 3 and 4 to avoid casting a shadow and skewing the data.
The operator took the average of two readings forming an X pattern. The location of the
LAI reading within the plot is listed in Figure 3.4.

Figure 3.4

Leaf area index reading location in plot.
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Leaf Dry Weights
Dry leaf corn sampling was conducted at V5, VT and R5. Five most recently
matured leaves (the uppermost fully collared leaf) were gathered from rows 2 and 3 at
each plot. Leaves were placed in paper bags on ice during the sampling day before being
taken to an air conditioned lab. Green samples were placed in-bag into a forced-air oven
set at 65ᴼC for 4 d. The dry weights were measured using an Adventurer Pro AV4101
scale and the five leaves were weighed together producing one aggregated reading per
plot.
100 Kernel Weights
During grain harvest, a random sample of the grain was taken and placed in clear
plastic quart bags. . The sample was then placed into a Dickey John (Dickey-John,
Auburn, IL) to measure grain moisture. One hundred kernels were then counted and
weighed with an Adventurer Pro AV4101 scale and grain weight was adjusted to a
standard moisture content of 15.5%.
Average Kernels per Ear
The day of harvest, crews selected five random ears from row 1 of each plot. Ears
were assessed for kernel rows and kernels per row. The measurements were then
averaged per plot for statistical analysis.
Corn Grain Yield
Rows 2 and 3 of each plot were harvested using a two-row combine and yield was
recorded per plot. Grain moisture was calculated in two ways: 1) by combine, and 2)
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using the Dickey-John in the lab. Yield of each plot was post-processed and adjusted to
15.5% moisture levels.
Cultural Differences
Several cultural differences occurred between 2015 and 2016. In 2016 Starkville
treatments trial was irrigated three times (Table 3.11).
Table 3.11

Irrigation dates 2016.
Location
Starkville

Trial
Treatments

Date
26-May
13-Jun
24-Jul

Irrigation was required in Starkville in order to ensure the trial’s continuance
during severe drought conditions. Several hybrids were replaced in 2016 due to seed
availability and hybrids were added to the trial at the request of industry collaborators to
expand the scope of the research (Table 3.12).
Table 3.12

Hybrid changes 2015 to 2016.
Removed After 2015
Hybrid
Maturity
Mycogen 2V717
111
Mycogen 2C799
113
Mycogen 2J794
115
Agrisure N79
115
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Added in 2016
Hybrid
Maturity
DeKalb 42-37
92
Pioneer 9329
93
DeKalb 47-35
97
Pioneer 0339
103
DeKalb 55-20
105
Pioneer 0843
108

The foliar Zn product is formulated as follows: 6-0-0-10 Zn. In order to
accommodate for the small additional amount of 0.34 kg N ha-1 (0.31 lbs N ac-1) applied
to the plots that received the foliar Zn treatment, 1.05 kg ha-1 (0.94 lbs ac-1) of urea 46-00 was applied uniformly to the plot at the base of the plants to all other plots not receiving
the foliar Zn application.
Statistical Analysis
Statistical analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC). The
PROC GLM procedure was employed to measure significance and to create least
significant difference calculations. ANOVA tables were used to calculate the sensitivity
equivalent (SEq) of VIs to biophysical parameters. The PROC MEANS and PROC
CORR procedures were used to calculate correlation of variables and treatments to the
measured parameters. PROC GLIMMIX was also used for calculating least significant
differences. An alpha level of 0.05 significance was set for all statistical analysis to
determine difference.
Weather
Rainfall and temperature varied in Brooksville, Starkville, and Verona, MS during
the 2015 and 2016 experiments. Because growth and development of the corn
experiments took place between March and September, air temperature and rainfall were
evaluated during that time. Spring conditions for 2015 were exceptionally wet in
Starkville and Verona which limited early planting opportunities until May. However,
during spring 2015 the weather conditions were dry in Brooksville. Spring conditions for
2016 were mostly wet, with enough dry time to plant the research trials. These trials were
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some of the only corn planted early in the region as a result of heavy rainfall. Producers
were delayed much more than normal for planting date. Rainfall was below average for
the 2016 growing season, especially June-August. The overall temperatures of both
growing seasons were higher than normal.
Table 3.13

Monthly rainfall totals observed for all locations.
Monthly Rainfall
mm (inch)

Location
Year March
Brooksville 2015 0 (0)

April

May

June

July

August

September

0 (0)

0 (0)

1 (0)

0 (0)

17 (0.7)

5 (0.2)

Starkville

Verona

Table 3.14

2015

147 (5.8)

150 (5.9)

119 (4.7)

63 (2.5)

89 (3.5)

43 (1.7)

34 (1.3)

2016

186 (7.3)

89 (3.5)

66 (2.6)

80 (3.1)

70 (2.7)

63 (2.5)

--

2015

125 (5)

127 (5)

178 (7)

52 (2.1)

182 (7.2)

192 (7.6)

5 (0.2)

2016

176 (6.9)

137 (5.4)

28 (1.1)

84 (3.3)

45 (1.8)

107 (4.2)

5 (0.2)

Mean monthly temperature observed for all locations.
Monthly mean air temperature
Celsius (Fahrenheit)
Year March April
May
June
July
August
2015 14 (57) 19 (66) 23 (73) 27 (80) 29 (84) 27 (80)

September
24 (75)

Starkville

2015 13 (56) 18 (65) 22 (72) 26 (79) 28 (83) 26 (80)
2016 15 (59) 18 (64) 21 (70) 27 (80) 29 (83) 28 (82)

24 (75)
--

Verona

2015 13 (55) 17 (63) 22 (72) 27 (80) 29 (83) 26 (79)
2016 15 (59) 18 (64) 22 (71) 28 (82) 29 (84) 89 (84)

24 (75)
26 (79)

Location
Brooksville
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Brooksville 2015
Brooksville 2015 rainfall was 85-99% below the average for the growing period.
Total rainfall for the growing season was 23 mm (1 in). March, April, May and July
received 0 mm of precipitation. June received 1.016 mm, August 16.51 mm, and
September 5.334 mm. Brooksville average monthly temperatures were above the 30-year
average during the growing season.

Starkville 2015
Starkville 2015 was 19% above the 30-year average for rainfall during March and
April. Rainfall during May was only 2% above the 30-year average. June, July, August,
and September were below the 30-year average by 40%, 16%, 58%, and, 61%,
respectively. June 1-10 did not receive rainfall. Temperatures for Starkville 2015 were 1
to 4% above the 30-year average for March through September. The most noticeable
difference in 30-year mean temperature was a 14% decrease in February.

Verona 2015
Verona 2015 was 23% above the 30-year average for rainfall during May, but
53% below during June. July and August precipitation were 88% and 95% above the 30year average. September received 95% less rainfall than the 30-year average.
Temperatures for the Verona 2015 growing season were between -1% and 3% of the 30year average.
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Starkville 2016
Starkville 2016 was 51% above the 30-year average for rainfall during March, but
was well below the 30-year average the rest of the growing season. April, May, June,
July, and August were below the 30-year average by 29%, 43%, 25%, 34%, and, 39%,
respectively. In the month of May, there was a drought in Starkville for 18 days.
Temperatures for Starkville 2016 were between 0 to 9% above the 30-year average for
March through August. The most noticeable difference in 30-year mean temperature was
a 9% increase during March.

Verona 2016
Verona 2016 precipitation was below the 30-year average for May, June and July.
Rainfall received during March was 31% above the 30-year average. April received 11%
more precipitation than the 30-year average. May, June and July received 81%, 24% and
53% below the 30-year average rainfall, respectively. August was above average by 9%.
Temperatures for Verona 2016 were at or above the 30-year average for March through
August. The most noticeable temperature increase was in March with temperatures 10%
warmer than the 30-year average.

Weather data were collected from the NOAA and the Mississippi State University
Extension Service.
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CHAPTER IV
RESULTS AND DISCUSSION
Objective I – Growth Characteristics of Relative Maturities in Corn
This study’s objective was to compare relative maturities in corn using phenotype
and yield measurements and to determine which biophysical parameter best correlates to
yield throughout the growing season. Figure 4.1shows corn grain yield for all site years
across relative maturities.

18
16

Yield Mg ha-1

14
12
10
8
6
4
2
0
90

92

94

96

98 100 102 104 106 108 110 112 114 116 118 120

Relative Maturity

Figure 4.1

Yield recorded for all plots by relative maturity, 2015-2016.

The general trend is an increase in Mg ha-1 for each day increase in maturity, but
with a very low r2-squared. Yield means for maturities range from 9.10 to 12.60 Mg ha-1
(145.10 to 200.90 bu ac-1).
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Increasing relative maturity increased grain yield in three of the four site years
(Table 4.1). Brooksville received very little rainfall in 2015 which likely caused the
negative linear correlation between grain yield Mg ha-1 and relative maturity. Planting
date for Brooksville was late in the season on May 5. All other years with average
temperatures and rainfall suggest using a later maturing hybrid increases your yield
potential. Starkville and Verona site years have significant positive linear correlation
between increasing hybrid maturity and grain yield. The biggest increase was 0.15 Mg
ha-1 (2.31 bu ac-1) in Starkville 2016.
Table 4.1

Yield effect of increasing relative maturity by one-day increments.

Location
Year
Mg/ha bu/Acre
Brooksville 2015
-0.02
-0.35
Starkville
2015
0.09
1.49
Starkville
2016
0.15
2.31
Verona
2016
0.11
1.70
Linear correlation effect of relative maturity on yield.

r2
0.02
0.06
0.36
0.43

p-value
0.3043
0.0375
<0.0001
<0.0001

If planting earlier in season, even on a drier year, these data suggest choosing a
later maturing hybrid to increase opportunity of higher yields.
Starkville 2016 late season hybrid (120-day) produced a mean yield of 15.29 Mg
ha-1 (243 bu ac-1) compared to an early season hybrid (93-day) produced a yield of 9.57
Mg ha-1 (153 bu ac-1) shows a 37% yield loss due to changes in relative maturity. With an
average grain price of $3.21 bu-1 in August 2016, monetary losses could be up to $289 ac1

attributed to relative maturity (NASS, 2016).
The 2015 and 2016 years are presented independently because several hybrids

changed across years and because environments and planting dates were very different
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across years (Table 3.12). Year 2015 is presented first and then separated by location
followed by 2016 which is also presented in full then by location.
2015 Crop Site Comparison
There were significant similarities and differences in measurements between
Brooksville and Starkville research plot locations in 2015. Parameters measured in both
locations included: stand counts, leaf area index, days to tasseling, 100-kernel weights,
kernel rows, kernels per row, and yield. Days to tasseling was the only parameter with no
location interaction effects in 2015. All other biophysical parameters were significantly
different between locations.
Table 4.2

Significance of F-Values for fixed sources of variation from statistical
analysis of differences in relative maturity, 2015.
Location* Combined Brooksville Starkville
relative
relative
relative
relative
maturity
maturity
maturity
maturity
0.0015
0.0515
<0.0001

Parameter
Stand Count
0.0617
Vigor
0.0208
0.0137
Leaf Area Index
<0.0001
Days to Tasseling
0.4676
0.0041
0.0009
0.2269
100-Kernel Weight
<0.0001
0.0010
0.0521
Kernel Rows
0.0004
0.0115
0.0218
Kernels per Row
<0.0001
0.0550
0.1739
Yield
<0.0001
Combined relative maturity is the p-value with locational data combined.

Vigor ratings were only measured in Brooksville and were not significantly
different between maturities. Leaf area index was different for each location and
significantly different between relative maturities but did not increase as relative maturity
increased (Table 4.3). 100-Kernel weight and kernel rows were both sig. different
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between locations and between relative maturities at Brooksville. Kernels per row were
significantly different between locations and relative maturity at each location. Yield was
significantly different between locations but not between relative maturity at either
location. Differences in kernel size and number ear-1 to yield by location could be
attributed to declining growing conditions in Brooksville throughout the growing season.
Linear correlation values between stand count, vigor, leaf area index, 100 kernel
weight, kernel rows, kernels per row, yield, and relative maturity are shown in Table 4.3.
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Yield

-0.12

0.02

0.3043

Brooksville
Yield
Relative Maturity
2
R
r
P-Value
R
r2
P-Value
-0.12 0.01 0.3180
0.17 0.03 0.1628
0.16 0.02 0.1930
-0.17 0.03 0.1609
0.04 0.00 0.7204
0.19 0.04 0.1059
0.46 0.21 <0.0001 0.17 0.03 0.1652
-0.04 0.00 0.7544
-0.04 0.00 0.7411
0.25

0.06

0.0375

0.2068
0.0637
0.2302

0.49
0.41
0.06

0.02
0.05
0.02

0.24 <0.0001
0.17 0.0004
0.00 0.595

r
-0.13
0.15
0.22
-0.14

Starkville
Yield
Relative Maturity
2
r
P-Value
R
r2
P-Value
0.02 0.2746 -0.16 0.02 0.1892

Correlation values between parameters, yield, and relative maturity by site, 2015.

Parameter
Stand Count
Vigor
Leaf Area Index
100-Kernel Weight
Kernel Rows

Table 4.3

Days to Tasseling
Days to tasseling were not significantly different between Brooksville and
Starkville sites in 2015. Days to tasseling are significantly different between relative
maturities (p=0.0041) and has a significant positive correlation to maturity (p=0.0013)
(Figure 4.2).
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y = 0.0897x + 45.752
r² = 0.0707
r = 0.26597
p = 0.0013

Days to Tasseling
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95

Figure 4.2
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Relationship of relative maturity to tasseling date, 2015.

As relative maturity increases, days to tassel increase. This data shows earlier
maturities tassel earlier. Seven percent of the variation can be explained by: a one day
increase in relative maturity correlates to an increase in days to tasseling of 0.09 days.
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y = -0.2154x + 20.78
r² = 0.126
r = -0.35497
p = 0.0022
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Figure 4.3
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Relationship of tasseling date to yield, Brooksville 2015.

Yield significantly correlated to tasseling date (p=0.0022) for the Brooksville
location where later tasseling date (and later maturities) negatively affected yield. Twelve
percent of the variation can be explained by: each one day increase in tasseling days
decreased yield by 0.36 Mg ha-1 (5.7 bu Acre-1). This trend shows that variability is
slightly controlled by relative maturity.
Brooksville experienced drought conditions throughout the growing season. Data
collected by the Mississippi Agricultural and Forestry Experiment Station, Brooksville
Branch Experiment Station, and Mississippi State University Extension Service shows
that Brooksville received zero rainfall for 58 consecutive days (June 16 to August 18,
2015). Average tasseling date was June 29 and harvest date was September 4.
Severe drought had an impact on yield and gives a very slight advantage to earlier
maturities during drought conditions when planted later in the season (May 5). Drought
decreased yield for the Brooksville location (2015) when comparing to yield ranges in
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Starkville (2015). This drought response could not be measured in other environments
because Starkville and Verona (2015) received adequate rainfall throughout the growing
season.
Brooksville, Miss.
Eighteen hybrids ranging from 99-120 days in maturity were selected for
observation in 2015. Brooksville 2015 maturities did not significantly affect grain yield
(p=0.055). Table 4.2 shows F-Values for each dependent variable with the independent
variable being relative maturity. This shows significant differences between maturities
for each measurement taken. Maturities exhibited many differences between each other
throughout the growing season such as stand counts, leaf area index, 100-kernel weight,
kernels per row, and kernel rows were significantly different between maturities. Least
significant difference between yields was 1.64 Mg ha-1 (26 bu ac-1). Yields between
relative maturities ranged from 6.9-10.3 Mg ha-1 (111-165 bu ac-1) (Figure 4.4).
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Figure 4.4

Yield recorded for relative maturity trial, Brooksville 2015.

Mid-season drought is a significant factor in reducing yield related to relative
maturity. There was a slight decrease in yield in response to relative maturity (-0.0219x;
x = relative maturity), however the r2=0.01.In all other site years relative maturity
significantly positively affected grain yield. This data show that drought plays a major
role in grain yield across all maturities.
The second objective of this study was to determine if there were any correlations
between biophysical parameters measured and yield or relative maturity. Correlation
values for Brooksville 2015 are shown in Table 4.3. The strongest and only significant
correlation was 100-kernel weight to yield (Figure 4.5).
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Relationship of 100 kernel weight to yield, Brooksville 2015.

The 100-kernel weights are significantly different between maturities (p=0.0009)
and significantly correlated with yield (p<0.0001). Twenty one percent of the response in
yield in the regression equation is explained by kernel weight. The regression equation
states that an increase of one gram of 100 kernels increases yield by 0.15 Mg ha-1 (2.4 bu
ac-1).
Even though there were significant differences between maturities for other
parameters measured, they did not respond linearly to relative maturity. None of the
parameters measured significantly correlated with both yield and relative maturity. Yield
was not significantly different between relative maturities and did not respond linearly as
relative maturity increased. As the weight of kernels increase, yield increases in
Brooksville 2015.

52

Starkville, Miss
Eighteen hybrids ranging from 99-120 days in maturity were selected for
observation in 2015. Starkville 2015 maturities did not significantly affect grain yield
Table 4.2. Maturities produced significantly different leaf area index, and kernels per
row. There were no significant differences between maturities for yield. Least significant
difference for yield was 3.08 Mg ha-1 (49 bu ac-1). Starkville received adequate rainfall
throughout the growing season. Yield means for maturities ranged from 8.92 to 12.71 Mg
ha-1 (142.19 to 202.73 bu ac-1). Yield was significantly correlated to relative maturity
(p=0.03; r2=0.06) (Figure 4.6). Six percent of the variation in grain yield can be explained
by: a one day increase in relative maturity correlated to an increase in yield of 0.06 Mg
ha-1 (1.5 bu ac-1).
20.00
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Figure 4.6

Relationship of relative maturity to yield, Starkville 2015.
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The correlation values for yield in Starkville 2015 are in Table 4.3. The strongest
and significant correlations to yield were from kernels per row, leaf area index, and 100kernel weight.
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Relationship of kernels per row to yield, Starkville 2015.

Kernels per row have a significant correlation to yield (p<0.0001) and are
significantly different between maturities (p=0.02). 28% of the variation can be explained
by: an increase of one kernels per row increases yield by 0.28 Mg ha-1 (4.5 bu ac-1).
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Relationship of leaf area index to yield, Starkville 2015.

Leaf area index significantly correlates to yield (p<0.0001) and is significantly
different between maturities (p=0.0137). 24% of the variation can be explained by: one
unit increase in leaf area index increases yield by 1.2 Mg ha-1 (19.1 bu ac-1).
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Relationship of 100 kernel weight to yield, Starkville 2015.

Kernel weights correlated to yield but were not significantly different between
maturities. 16.7% of the variation can be explained by: one gram increase in kernel
weight increases yield by 0.29 Mg ha-1 (4.7 bu ac-1).
There are no strong correlations between the other measured parameters and
relative maturity. Therefore, as relative maturity increases from 99 to 120 days, none of
the measured phenotypic responses besides yield are linearly correlated. It is interesting
to note that kernels per row correlates the most to yield, differed significantly between
maturities but was not correlated to relative maturity. Likewise, leaf area index was
significantly different between maturities, significantly correlated to yield, but not
correlated to relative maturity.
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2016 Crop Site Comparison
Twenty hybrids ranging 92-120 day maturities were selected for observation in
2016. Parameters measured in both locations included stand counts, leaf area index, days
to tasseling, days to mid-silk, days to full-silk, 100-kernel weights (g), kernel rows,
kernels per row, grain moisture, and yield. The parameter differences are shown below.
Table 4.4

Significance of F-Values for fixed sources of variation from statistical
analysis of differences in relative maturity, 2016.
Location*
relative
maturity
0.7469
0.0201

Combined Starkville
relative
relative
maturity
maturity
0.0006
0.0376

Verona
relative
maturity

Parameter
Stand Count
Plant Height VT
0.0046
Ear Height VT
0.0184
SPAD VT
0.1798
Leaf Area Index
0.0108
0.6668
0.1135
Days to Tasseling
0.5817
<0.0001
Days to Mid-Silk
<0.0001
<0.0001
0.0011
Days to Full Silk
<0.0001
<0.0001
0.0116
Canopy Temp VT
0.9705
100 Kernel Weight (g)
<0.0001
0.0002
<0.0001
Kernel Rows
0.5725
<0.0001
Kernels per Row
0.0047
0.008
0.0062
Moisture at Harvest
0.7729
<0.0001
Yield
<0.0001
0.0047
0.0007
Combined relative maturity is the p-value of combined locational data.

Starkville and Verona did not differ significantly with respect to stand count and
all plots were thinned at V4 to an exact population of 74,074 plants ha-1 (30,000 plants ac1

) Leaves were significantly larger in Starkville than Verona. Verona took significantly

longer to tassel than Starkville but reached mid- and full-silk growth stages faster.
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Starkville had significantly heavier kernels of 6.9 grams per 100 kernels. Starkville and
Verona did not differ concerning kernel rows.
Starkville exhibited more kernels per row than Verona. This could explain higher
yields in Starkville. Yield was significantly greater in Starkville than Verona with an
average difference of 1.85 Mg ha-1 (29.5 bu ac-1).
Linear correlation values between canopy temperatures, leaf area index, days to
mid-silk full silk and tasseling, 100 kernel weight, kernel rows and kernels per row, plant
height, ear height, SPAD, yield, and relative maturity are shown in Table 4.5 and Table
4.6 and discussed in the following sections.
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Leaf Area Index
Days to Mid-Silk
Days to Full Silk
100-Kernel Weight
Kernels per Row
Plant Height VT
Ear Height VT
SPAD VT
Yield

0.40
0.62
0.61
0.65
0.51
0.71

0.16
0.39
0.38
0.42
0.26
0.50

-0.28 0.08

r
0.0002
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.0109

0.60

0.17
0.74
0.73
0.65
0.50
0.52

-0.20
0.1245
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

0.0692

0.36 <0.0001

0.03
0.55
0.54
0.43
0.25
0.27

0.04

Starkville
Yield
Relative Maturity
2
r
P-Value
r
r2 P-Value
0.30
0.31
0.30
0.75
0.28
0.64
0.39
0.29

r

0.09 0.0069 0.21 0.05 0.0572
0.09 0.0055 0.54 0.29 <0.0001
0.09 0.0060 0.62 0.38 <0.0001
0.57 <0.0001 0.69 0.47 <0.0001
0.08 0.0112 0.39 0.15 0.0004
0.41 <0.0001 0.70 0.49 <0.0001
0.15 0.0003 0.46 0.22 <0.0001
0.08 0.0091 0.18 0.03 0.1171
0.66 0.43 <0.0001

Verona
Yield
Relative Maturity
2
r
P-Value
r
r2 P-Value

Correlation values between parameters, yield, and relative maturity by site, 2016.

Parameter
Canopy Temp VT

Table 4.5
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-0.16
0.61
-0.26
0.76

0.03 0.0375
0.37 <0.0001
0.07 0.0007
0.57 <0.0001

-0.22
0.67
0.00
0.35

r
0.05 0.0513
0.45 <0.0001
0.00 0.9891
0.19 <0.0001

Starkville
r2
P-Value

2

Yield
Mg ha-1
0.10
0.12
0.28
0.26
0.45
0.11

-1

Verona

Response of parameters yield and relative maturity, separated by site, 2016.

Stand Counts
Days to Tassel
Kernel Rows
Grain Moisture

Parameter

Relative Maturity
r
r2 P-Value
r

7.4
7.8
6.8
3.8

bu ac
1.9

-1

0.55
0.54
0.42
0.25
0.36

0.44
0.42
0.56
1.00
0.15

Relative Maturity
r2
PRM
0.27
2.62

0.00 0.5861
0.13 0.0013
0.06 0.0240
0.31 <0.0001

Verona
r2 P-Value

Starkville

-0.06
0.35
-0.25
0.59

Yield

Correlation values between parameters, yield by site, and relative maturity; 2016.

Relative Maturity
Yield
2
2
r
bu ac
r
PRM
r
Mg ha-1
Plant Height VT
0.41
1.6
0.49
1.56
0.50
0.13
Ear Height VT
0.15
1.9
0.22
1.28
Days to Mid-Silk
0.10
4.5
0.29
0.33
0.39
0.47
Days to Full Silk
0.09
4.1
0.38
0.31
0.38
0.49
Kernel Weight
0.57
7.2
0.47
0.40
0.42
0.43
Kernels per Row
0.08
1.8
0.15
1.09
0.26
0.24
-1
Mg ha
0.43
0.11
-1
Mg ha shows the increase in yield per a one unit increase in the measured parameter.
Bu ac-1 shows the increase in yield per a one unit increase in the measured parameter.
PRM exhibits increase in parameter units due to an increase of one day relative maturity.

Table 4.7

Table 4.6

Stand Counts (Emergence)
Stand counts were not significantly different between Starkville and Verona in
2016. The data were combined and analyzed from both locations below. Table 4.4 shows
that differences exist between relative maturities. Starkville and Verona yield differed
significantly (p<0.0001), the correlation of stand count to yield was separated by site
(Table 4.6).
Stand counts were significantly different between relative maturities and had a
significant negative correlation to maturity (p=0.0375). As relative maturity increases,
emergence rates decrease.
y = -172.33x + 101448
r² = 0.02610
r = -0.16466
p = 0.0375
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55000
90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
Relative Maturity

Figure 4.10

Relationship of relative maturity and emergence, 2016.

This data suggests that earlier maturities emerge at a slightly higher plant
population than late maturing hybrids. Two point six percent of this variation can be
explained by: a one day increase in relative maturity correlates to a decrease in 172 plants
ha-1 (7 plants ac-1).
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Days to Tasseling
Days to tasseling was not significantly different between Starkville and Verona
sites in 2016 (Table 4.4). Starkville and Verona yield differed significantly (p<0.0001),
the correlation of tassel date to yield was separated by site (Table 4.6).
Days to tasseling are significantly different between relative maturities
(p<0.0001) and has a significant positive correlation to maturity (p<0.0001). As relative
maturity increases, days to tassel increased. Relative maturity positively impacts days to

Mg ha-1

tasseling and yield in both locations, 2016.
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y = 0.402x - 17.449
r² = 0.44835
r = 0.66959
p < 0.0001
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Tassel Date

Figure 4.11

Relationship of days to tasseling and yield, Starkville 2016

Tassel date has a significant correlation to yield in both locations. Tassel date was
more correlated to yield in Starkville, with 44.8% of the variation being explained by
tassel date. For each day increase in time to tasseling there is an increase in yield of 0.4
Mg ha-1 (6.4 bu ac-1).
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Figure 4.12
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Relationship of days to tasseling and yield, Verona 2016.

Even though tasseling was not as strongly correlated to yield in Verona as in
Starkville, significant correlation was noted at both sites. Only 12.5% of the variation in
yield can be explained by tassel date for this sample. For each one day increase in days to
tasseling, yield increases by 0.3 Mg ha-1 (5 bu ac-1).
As relative maturity increases, the time it takes for the plant to tassel increases as
well. Relative maturity has a significant correlation to tassel date and 37% of the
variation in tassel date is explained by the relative maturity. For each one day increase in
relative maturity, tasseling date increases by 0.19 days.
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y = 0.1886x + 54.63
r² = 0.37040
r = 0.60859
p < 0.0001
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Figure 4.13

Relationship of relative maturity to tassel date, 2016.

The correlation graphs reveal as corn hybrid relative maturity increases, tasseling
date increases and yield increases.
Kernel Rows
Kernel rows were not significantly different between Starkville and Verona sites
in 2016 (Table 4.4). Starkville and Verona yield differed significantly (p<0.0001), the
correlation of kernel rows to yield was separated by site.
Kernel rows are significantly different between relative maturities (p<0.0001) and
has a significant negative correlation to maturity (p=0.0007). Yield significantly
increased when kernel rows decreased in Verona. Relative maturities with fewer kernel
rows produced greater yields. Yield had no correlation with kernel rows in Starkville in
2016 (Table 4.5).
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Figure 4.14

Relationship of kernel rows to yield, Verona 2016.

As kernel rows increase, yield decreased slightly. The number of kernel rows
accounts for 6% of the variability in yield. This relationship is very weak. For each
increase of 1 column ear-1 there is a decrease in yield of 0.25 Mg ha-1 (4 bu ac-1). This is
likely due to smaller kernels that weigh less overall compared to the larger kernels of the
other maturities.
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Figure 4.15

Relationship of relative maturity to kernel rows, 2016

There is a very weak negative correlation between relative maturity and kernel
rows. Relative maturity only explains 7% of the variability in kernel rows.
Grain Moisture at Harvest
Grain moisture content at harvest was not significantly different between
Starkville and Verona sites in 2016 (Table 4.4). Starkville and Verona yield differed
significantly (p<0.0001), the correlation of grain moisture to yield was separated by site
(Table 4.6). Grain moisture correlations to yield were calculated after yield was corrected
for moisture content. Grain moisture content significantly differed between relative
maturities (p<0.0001) and has a significant positive correlation to maturity (p<0.0001).
As relative maturity increased grain moisture content increased with a total mean
difference of 6% moisture at harvest. Yield significantly increased as grain moisture
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content increased. Increasing relative maturity significantly increased both moisture
content of grain at harvest and yield. Varying maturities were harvested on the same date,
the later yielding maturities had significantly greater moisture content and significantly
greater yields (after yields were adjusted to 15.5% moisture content).
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Relationship of grain moisture to yield, Starkville 2016.
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Relationship of grain moisture to yield, Verona 2016.

Grain moisture content was significantly correlated to yield for both locations.
Grain moisture for measured in Starkville location was significantly correlated to yield
but only accounted for 19.25% of the variation in yield. Verona grain moisture accounted
for 31% of the variation in yield. For each location as moisture in the grain increased,
yield also increased. In Figure 4.18 grain moisture is strongly correlated to relative
maturity (Table 4.5).
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Grain Moisture at Harvest
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Figure 4.18

Relationship of relative maturity to grain moisture, 2016.

Relative maturity accounts for 57% of the variation in grain moisture at harvest.
For each day of increasing relative maturity, grain moisture increases by 0.2%. This is
supported by past previous research and aligns well with accepted industry knowledge.
Starkville, Miss.
Starkville 2016 maturities significantly impacted grain yield (p=0.0047; Table
4.4). Parameters measured included: plant height; LAI, canopy temperature, days to midsilk/full silk; all other measurements taken at harvest. Maturities produced significantly
different plant height, days to mid-silk and days to full silk, 100 kernel weight, kernels
per row, and yield. There were no significant differences between maturities for leaf area
index or canopy temperature at VT. Least significant difference for yield was 1.7 Mg ha-1
(27.5 bu ac-1). Starkville received adequate rainfall throughout the growing season.
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The correlation values for yield in Starkville 2016 are in Table 4.5. The strongest
and significant correlations to yield were from plant height measured during VT, 100kernel weights and days to mid-silk and silk. In this case, as before, relative maturity has
correlation with yield and is significant (Table 4.5). Each one-day increase in relative
maturity increased yield by 0.15 Mg ha-1 (2.4 bu ac-1) (R2=0.36).
20

y = 0.1453x - 2.9254
r² = 0.3598
r = 0.60
p < 0.0001
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Figure 4.19

Linear Relationship of relative maturity to yield, Starkville 2016.

Yield ranged from 6.81 to 16.08 Mg ha-1 (108.6 to 256.4 bu ac-1). Yield was
significantly different between maturities. There was a slight increase in yield in response
to relative maturity 0.1453 Mg ha-1 (2.3 bu ac-1) with r2 = 0.36.
Even though leaf area index was not significantly affected by relative maturity, it
had some correlation with yield (r2=0.16). Canopy temperature measured during
tasseling was not significantly different among maturities and had almost no correlation
to yield (r2=0.08). There are several strong correlations between the measured parameters
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and relative maturity. Yield and 100-kernel weights are somewhat correlated to relative
maturity as well. As relative maturity increases, 100-kernel weight and yield increase.
In Starkville 2016 plant height VT, days to mid-silk, days to full silk, 100 kernel
weight and kernels per row were all significantly different between relative maturities,
and significantly correlated to both relative maturity and yield. Canopy temperature and
LAI were not significantly different between maturities but, significantly correlated to
yield.
R-squared values for the following graphs are shown in Table 4.7.
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Figure 4.20
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Relationship of plant height VT to yield, Starkville 2016.

Figure 4.20 shows plant height VT’s linear relationship to yield. Each one cm
increase in plant height VT increased yield by 0.13 Mg ha-1 (1.9 bu ac-1) (r2=0.50).
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Figure 4.21

Relationship of relative maturity to plant height VT, Starkville 2016.

Figure 4.21 shows relative maturity’s linear relationship to plant height VT. Each
one-day increase in relative maturity increased plant height VT by 2.62 cm (r2=0.27).
Even though leaf area index did not differ between relative maturities (Table 4.4), an
increase in plant height provided an advantage for yield production ability of the hybrids.
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Figure 4.22
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Relationship of mid-silk to yield Starkville 2016.

Figure 4.22 shows days to mid-silk’s linear relationship to yield. Each one day
increase in days to mid silk increased yield by 0.47 Mg ha-1 (7.4 bu ac-1) (r2=0.39).
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Figure 4.23

Relationship of relative maturity to days to mid-silk Starkville 2016.
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Figure 4.23 shows relative maturity’s linear relationship with days to mid-silk.
Each one-day increase in relative maturity increased days to mid silk by 0.44 days
(r2=0.55). The later relative maturities produced increased days to mid silk and increased
yields. This increased time to reproductive mid silk stage provides an advantage to
increasing yield in longer season hybrids.
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Relationship of days to full silk to yield, Starkville 2016.

Figure 4.24 shows days to full silk’s linear relationship to yield. Each one day
increase in days to full silk increased yield by 0.49 Mg ha-1 (7.8 bu ac-1) (r2=0.38).
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Figure 4.25

Relationship of relative maturity to days to full silk, Starkville 2016

Figure 4.25 shows relative maturity’s linear relationship with days to full silk.
Each one-day increase in relative maturity increased days to full silk by 0.42 days
(r2=0.54). Similar to correlation values of mid-silk, increasing relative maturity increases
days to full silk and increases yield.
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Relationship of 100 kernel weight (g) to yield, Starkville 2016.

Figure 4.26 shows kernel weight’s linear relationship to yield. Each one gram
increase in 100 kernel weight increased yield by 0.43 Mg ha-1 (6.8 bu ac-1) (r2=0.42).
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Figure 4.27

Relationship of relative maturity to 100 kernel weight (g), Starkville 2016
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Figure 4.27 shows relative maturity’s linear relationship with 100 kernel weight.
Each one-day increase in relative maturity increased 100 kernel weight by 0.56 grams
(r2=0.42). Increasing relative maturity increases kernel weight and yield. Relative
maturity did show differences in kernel rows and the increase in yield can be directly
connected to kernel weight.

18
16
14
Mg ha-1

12
10
8
6

y = 0.2436x + 3.7695
R² = 0.2553

4
2
0

28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
Kernels per Row

Figure 4.28

Relationship of kernels per row to yield, Starkville 2016.

Figure 4.28 shows kernels per row’s linear relationship to yield and relative
maturity. Each one row increase in kernels per row increased yield by 0.24 Mg ha-1 (3.8
bu ac-1) (r2=0.26).
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Figure 4.29

Relationship of relative maturity to kernels per row, Starkville 2016.

Figure 4.29 shows relative maturity’s linear relationship with kernels per row.
Each one-day increase in relative maturity increased kernels per row by one (r2=0.25).
Overall, increasing relative maturity increases kernels per row and yield.
Verona, Miss.
Verona 2016 maturities significantly influenced grain yield (p=0.0007; Table 4.4).
Parameters measured include: Parameters measured at VT include: leaf area index,
SPAD, ear and plant height, and days to mid-silk/full silk. All other parameters measured
at harvest. All measurements were significantly affected by relative maturity except for
SPAD and LAI readings. Plant heights were measured at VT in Verona and Starkville.
Least significant difference for yield was 1.17 Mg ha-1 (18.7 bu ac-1). Yield was
significantly different between relative maturities at Verona 2016 (p=0.0007). Verona
received adequate rainfall throughout the growing season.
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Figure 4.30

Relationship of relative maturity to yield, Verona 2016.

Yield ranged from 7.84 to 15.30 Mg ha-1 (124.95 to 243.93 bu ac-1). There was a
slight increase in yield as relative maturity increased for each day of additional relative
maturity. Each one-day increase in relative maturity increased yield by 0.11 Mg ha-1 (1.8
bu ac-1) (r2=0.43).
The strongest plant measured component relationships with yield were from 100kernel weight, relative maturity and plant height at VT. As mentioned above, relative
maturity has some correlation with yield that is significant. Even though days to mid-silk,
days to silking, SPAD, and kernels per row were significantly different between relative
maturities, they had almost no correlation with yield. As relative maturity increased, 100kernel weight, plant height VT and yield increased.
In Verona in 2016 plant height VT, ear height VT, days to mid-silk, days to full
silk, 100 kernel weight, and kernels per row were all significantly different between
relative maturities, and significantly correlated to both relative maturity and yield. Leaf
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area index and SPAD readings were not significantly different between maturities but
significantly correlated to yield.
R-squared values for the following graphs are shown in Table 4.7 and are
included in the discussion paragraphs below.
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Figure 4.31
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Relationship of plant height VT to yield, Verona 2016.

Figure 4.31 shows plant height VT’s linear relationship to yield. Each one cm
increase in plant height VT increased yield by 0.10 Mg ha-1 (1.6 bu ac-1) (r2=0.41). This
data shows that increased plant biomass has an effect on grain yield production.
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Figure 4.32

Relationship of relative maturity to plant height VT, Verona 2016.

Figure 4.32 shows relative maturities effect on plant height. Each one-day
increase in relative maturity increased plant height by 1.56 cm (r2=0.49). Overall, longer
maturity increases plant height which increases corn grain yield.
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Relationship of ear height VT to yield, Verona 2016.

Figure 4.33 shows ear height VT’s linear relationship to yield. Each one cm
increase in ear height increased yield by 0.12 Mg ha-1 (1.9 bu ac-1) (r2=0.15). The
increased height of each ear shows an increase in grain yield. This is explained by Figure
4.34 in which increasing maturity increases plant ear height.
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Figure 4.34

Relationship of relative maturity and ear height VT, Verona 2016.

Figure 4.34 shows relative maturities effect on ear height. Each one-day increase
in relative maturity increased ear height by 1.28 cm (r2=0.22). Increasing maturity has a
positive correlation with both overall plant height and ear height during reproductive
growth stages.
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Figure 4.35
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Relationship of days to mid-silk to yield, Verona 2016.
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Figure 4.33 shows days to mid-silk’s linear relationship to yield. Each one day
increase in days to mid silk increased yield by 0.28 Mg ha-1 (4.5 bu ac-1) (r2=0.10).
Increasing days to mid silk only provided a slight advantage with regard to increased
grain yield.
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Figure 4.36

Relationship of relative maturity and days to mid silk, Verona 2016.

Figure 4.36 shows relationship of relative maturity to days to mid silk. Each oneday increase in relative maturity increased days to mid silk by 0.33 days (r2=0.29).
Maturity creates a large time difference in days to mid silk, but the time to this
reproductive stage had little effect on grain yield in Verona 2016 (Figure 4.35).
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Relationship of days to full silk to yield, Verona 2016.

Figure 4.37 shows days to full silk’s linear relationship to yield. Each one day
increase in days to full silk increased yield by 0.26 Mg ha-1 (4.1 bu ac-1) (r2=0.09).
Similar to the mid silk results, days to full silk had weak correlations to grain yield in
Verona 2016.
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Figure 4.38

Relationship of relative maturity and days to full silk, Verona 2016.

Figure 4.38 shows relative maturities effect on days to full silk. Each one-day
increase in relative maturity increased days to full silk by 0.31 days (r2=0.38). Even
though increasing maturity increases days to full silk, it had little effect on yield in
Verona 2016 (Figure 4.37).
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Relationship of 100 kernel weight to yield, Verona 2016.

Figure 4.39 shows kernel weight’s linear relationship to yield. Each one gram
increase in 100 kernel weight increased yield by 0.45 Mg ha-1 (7.2 bu ac-1) (r2=0.57).
Kernel weight had a very large impact on yield and is very highly correlated. This is
expected assuming kernels produced number the same across maturities.
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Figure 4.40

Relationship of relative maturity to 100 kernel weight, Verona 2016.

Figure 4.40 shows maturity effect on 100 kernel weights. Each one-day increase
in relative maturity increased weight of 100 kernels by 0.40 grams (r2=0.47). This yield
component shows that increasing maturity increases kernel weight which is highly
correlated to yield (Figure 4.39).
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Relationship of kernels per row to yield, Verona 2016.

Figure 4.41 shows kernels per row linear relationship to yield. Each one increase
in kernels per row increased yield by 0.11 Mg ha-1 (1.8 bu ac-1) (r2=0.08). This specific
parameter proves common sense that increasing kernels per ear will increase yield.
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Figure 4.42

Relationship of relative maturity to kernels per row, Verona 2016.

Figure 4.42 shows relative maturity effect on kernels per row. Each one-day
increase in relative maturity increased kernels per row by 1.09 rows (r2=0.15). This
increase in kernels per row ultimately increases kernels per acre and increased yield
(Figure 4.41).
Longer season maturities have increased yield due to more kernels per row and
heavier kernels for the Verona 2016 location.
Discussion on Relative Maturity
This study’s objective was to compare maturities in corn using phenotype and
yield measurements and to determine which biophysical parameter best correlates to
yield throughout the growing season. Corn hybrids that have a longer growing season
produce higher yields that earlier maturing hybrids. Patterns observed from positive
correlations of phenotypic responses to relative maturity and yield include: plant height at
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VT, days to tasseling, days to mid-silk, days to full silk, weight of 100 kernels, kernels
per row, and grain moisture at harvest.
Objective II – Starter Fertilizer, Zinc, and Ascend effect on Growth Patterns,
Length of Season, and Yield
The objective of this study was to describe the effects of applied treatments
(Table 4.8) on corn phenotype and yield. Two hybrids (Dekalb 55-93 and Pioneer 2089)
were used in this study. These hybrids were selected because they are high yielding
hybrids with respect to their respective relative maturity.
There were six treatments in this trial applied to two hybrids replicated four times
at each location equaling 48 plots per location. The six treatments were a foliar Zn
application (1), a control plot (2), starter + Zn (3), starter fertilizer (10-34-0) (4), starter +
Zn + Ascend (5), and starter + Ascend (6) (Table 4.8).
Table 4.8

Treatment designations.
Designation

Treatment

1
2
3
4
5
6

Foliar Zinc
Control
Starter (10-34-0) + Foliar Zinc
Starter (10-34-0)
Starter (10-34-0) + Foliar Zinc + Ascend
Starter (10-34-0) + Ascend

Yield for all site years is shown in Figure 4.43. Yields range from 3.2 to 16.27 Mg
ha-1 (51 to 259 bu ac-1). Parameters measured varied by site and year.
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Figure 4.43

Yield for all plots across all treatments, 2015-2016.

Each site year is separated due to significant location effect (p=0.0352).
2015 Starkville, Miss.
Hybrids were significantly different for stand counts, plant height at V3, V5, V6,
VT, SPAD VT and R5, leaf area index VT and R5, 100 kernel weight, kernels ear-1, and
yield. Because of a hybrid*treatment interaction effect for kernels per row, these hybrids
were separated in SAS analysis. Table 4.9 shows significance for each parameter by
hybrid, treatment and hybrid*treatment interactions. Only parameters that were
significant are shown.
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Table 4.9

Significance of F-Values for fixed sources of variation from statistical
analysis of the Starkville 2015 treatment study.
Dependent Variable
Stand Count
Plant Height V3
Plant Height V5
Plant Height V6
Plant Height VT
SPAD VT
SPAD R5
Leaf Area Index VT
Leaf Area Index R5
Leaf Dry Weight R5
100-Kernel Weight
Kernel Rows
Kernels per Row

Hybrid
0.0113
0.0014
0.0205
0.0026
<0.0001
<0.0001
<0.0001
0.0035
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Yield

0.0045

Treatment Hybrid*Treatment
0.0445
0.0587
0.5037
0.3537
0.1563
0.3493
0.3493
0.3944
0.0565
0.4499
0.5519
0.1554
0.4050
0.3225

0.7323
0.9980
0.6151
0.9984
0.9270
0.9068
0.9068
0.5058
0.3467
0.5071
0.6725
0.2940
0.0088
0.8749

Kernels per row were significantly affected by treatments for Pioneer 20-89
(p=0.0354). Treatments did not affect kernels per row in Dekalb 55-93 (p=0.2566).
The only variable that treatments significantly affected was emergence.
Emergence values are shown in Figure 4.44. The only figure shown with hybrid
differences is for Pioneer 2089 because there was a significant hybrid by treatment
interaction at Starkville 2015 (Figure 4.44).
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Figure 4.44

Treatment effect on emergence, Starkville 2015.

Plants ha-1 emerged at V3 growth stage at Starkville 2015. Treatments including foliar Zn
are not included because Zn was not applied until V5.
Starter fertilizer by itself was not significantly different from the control plot in
regard to emergence in Starkville 2015. Adding Ascend to starter fertilizer significantly
reduces emerged plants ha-1 for this site. Least significant difference was 1273 plants ha-1
with alpha=0.05. Treatments with foliar Zn are removed because Zn was not applied until
V5.
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Figure 4.45

Treatment effect on kernels per row of Pioneer 2089, Starkville 2015.

Kernels per row were not significantly different between treatments for Dekalb
55-93 in Starkville 2015. Pioneer 2089 showed treatment effects for this site. Zn
significantly reduced kernels per row compared to all treatments except starter at this
location. Starter plus Zn was significantly greater than Zn alone with regard to kernels
per row. The control plot had the highest kernels per row; however, it was not
significantly greater than most other treatments. Least significant difference was set to
3.7 kernels per row with Alpha=0.05.
2015 Verona, Miss.
Several parameters were not measured in Verona 2015 that were measured in
Starkville 2015. These include emergence, leaf dry weight R5, plant height V3, and plant
height V6. Table 4.10 shows significance for each parameter by hybrid, treatment and
hybrid*treatment interactions. Only parameters that were significant are shown.
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Table 4.10

Significance of F-Values for fixed sources of variation from statistical
analysis of the Verona 2015 treatment study.
Parameter
SPAD VT
Kernels per Row
Yield

Hybrid Treatment Hybrid*Treatment
<0.0001
0.8282
0.7227
<0.0001
0.5638
0.7133
0.0133
0.5113
0.5030

2016 Starkville, Miss.
Hybrids showed significant differences for most parameters measured in
Starkville 2016. There was no hybrid by treatment interaction for the parameters
measured at this location. Table 4.11 shows significance for each parameter by hybrid,
treatment and hybrid*treatment interactions. Only parameters that were significant are
shown.
Table 4.11

Significance of F-Values for fixed sources of variation from statistical
analysis of the Starkville 2016 treatment study.
Dependent Variable
Stand Count
Average Growth Stage V5
Plant Height V5
Plant Height V7
Plant Growth V5 to V7
Plant Height VT
SPAD V5
SPAD VT
Days to Tasseling
Days to Mid-Silk
Days to Full-Silk
Kernel Rows
Kernels per Row

Hybrid
0.0011
0.0023
0.0017
0.0048
0.6456
<0.0001
0.0334
<0.0001
0.2806
<0.0001
<0.0001
<0.0001
<0.0001

Yield

0.9365
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Treatment Hybrid*Treatment
0.3074
0.0028
<0.0001
0.0057
0.0379
0.5171
0.0010
0.1139
<0.0001
0.0050
0.0024
0.5696
0.6814
0.7272

0.2338
0.5951
0.5274
0.5714
0.4714
0.7455
0.1188
0.9702
0.7888
0.6882
0.3485
0.2287
0.9573
0.9962

The treatments significantly affected dry weight V5, average growth stage V5,
plant height V5, plant height V7, plant growth V5 to V7, SPAD V5, days to tasseling,
mid-silk, and full-silk. There were no treatment effects on yield for either hybrid.

Figure 4.46

Treatment effect on vegetative growth stage V5-V6, Starkville 2016.

Figure 4.47

Treatment effect on plant height at V5 growth stage, Starkville 2016.
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Zn alone is not significantly different from the control in improving plant growth
concerning height (cm). All other treatments include starter fertilizer and the addition of
Zn or Ascend to starter fertilizer doid not significantly increase plant height (cm).

Figure 4.48

Treatment effect on plant height at V7 growth stage, Starkville 2016.

The addition of foliar Zn did not differ from the non-treated control in affecting
plant growth (cm) in Starkville 2016. Starter fertilizer significantly increases plant height
at V7 growth stage in Starkville 2016. Adding foliar Zn or Ascend to starter fertilizer did
not significantly improve plant height (cm) at V7 in Starkville 2016.
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Figure 4.49

Treatment effect on SPAD values V5 growth stage, Starkville 2016.

SPAD measurements at V5 showed no significant growth advantage to any
treatments except starter fertilizer. The addition of Zn alone was not significantly
different from the non-treated control in regard to SPAD at V5 in Starkville 2016.
Adding Zn or Ascend to starter fertilizer did not significantly improve SPAD values at
V5 in Starkville 2016.
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Figure 4.50

Treatment effect on days to tasseling, Starkville 2016.

Days to tasseling were measured from planting date to the date all of the plants in
a plot had tasseled. Foliar Zn alone did not affect days to tasseling when compared to the
non-treated control in Starkville 2016. Addition of Zn or Ascend to starter fertilizer
treatment did not significantly decrease days to tasseling in Starkville 2016. All
treatments including starter fertilizer significantly decreased days to tasseling.
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Figure 4.51

Treatment effect on days to mid-silk, Starkville 2016.

Pioneer 2089 responded with decreased days to mid-silk for all treatments that
included starter fertilizer in Starkville 2016. The addition of Zn or Ascend to starter
fertilizer did not significantly change the hybrid days to mid silk in Starkville 2016.
Foliar Zn was not significantly different from the non-treated control with reguard to
days to mid-silk in Starkville 2016.
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Figure 4.52

Treatment effect on days to full-silk, Starkville 2016.

Days to full-silk measurements in Pioneer 2089 showed significant growth
advantage to any treatments except Zn alone and starter fertilizer plus Zn and ascend. The
addition of Zn or Ascend to starter fertilizer treatment does not significantly improve
days to full-silk over starter fertilizer alone.
2016 Verona, Miss.
Hybrids showed significant differences for most parameters measured in Verona
2016. Because of a hybrid*treatment interaction effect for days to tasseling, mid-silk, and
full-silk, these hybrids were separated in SAS analysis in Table 4.13. Table 4.12 shows
significance for each parameter by hybrid, treatment and hybrid*treatment interactions.
Only parameters that were significant are shown.
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Table 4.12

Significance of F-Values for fixed sources of variation from statistical
analysis of the Verona 2016 treatment study.

Dependent Variable
Stand Count
Plant Height V5
SPAD V5
Average Growth Stage V7
Plant Height VT
SPAD VT
Days to Tasseling
Days to Mid-Silk
Days to Full-Silk
100-Kernel Weight
Kernel Rows
Kernels per Row
Yield

Hybrid Treatment Hybrid*Treatment
<0.0001
0.2338
0.7630
0.5086
<0.0001
0.5990
0.4643
0.0167
0.4045
0.0160
0.0203
0.5209
<0.0001
0.0683
0.8908
<0.0001
0.8929
0.8855
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0002
<0.0001
0.6593
0.6846
<0.0001
0.4408
0.6768
<0.0001
0.1556
0.2469
<0.0001
0.2717
0.7087

Treatments significantly affected plant height at V5, SPAD V5, dry weight V5,
and average growth stage at V7. All of these measurements were taken early in the
growing season well before reproductive phase. This suggests that the treatment effect
may wear off early during the season. However, some treatment effects remain through
tasseling and silking stages (Table 4.13).
Table 4.13

Significance of F-Values for fixed sources of variation from statistical
analysis of the Verona 2016 treatment study for hybrid by treatment
interactions.

Dependent Variable
Days to Tasseling
Days to Mid-Silk
Days to Full-Silk

Treatment Effect
Dekalb 55-93 Pioneer 2089
0.0441
<0.0001
<0.0001
0.1523
0.3544
<0.0001
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Treatments result in significant differences in days to tasseling for both hybrids
and days to mid- and full-silk in Pioneer 2089. The significant differences shown in
Table 4.12 and Table 4.13 are expanded upon in the following figures. Because this
objective focuses on treatment effects and not hybrid effects, no graphs are shown for
hybrid differences.

Figure 4.53

Treatment effect on plant height at V7 growth stage, Verona 2016.

The control treatment shows hybrids reaction if there are no treatments added.
This is a baseline. Zinc did not significantly improve plant height (cm) above untreated
control. All other treatments included starter fertilizer and the addition of Zn or Ascend
to starter fertilizer did not significantly improve plant height (cm).
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Figure 4.54

Treatment effect on vegetative growth stage around V7, Verona 2016.

Any treatments containing starter fertilizer significantly enhanced growth rate by
0.5 leaf stage (p=0.0203) Zinc alone is not significantly different from the control plot.
All treatments significantly greater than the control includes starter fertilizer and the
addition of Zn or Ascend to starter fertilizer does not significantly improve average
vegetative growth stage for this time.
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Figure 4.55

Treatment effect on SPAD values at V5 growth stage, Verona 2016.

SPAD measurements at V5 showed no significant growth advantage to any
treatments except starter fertilizer. Addition of foliar Zn was not significantly different
from the non-treated control. Addition of Zn or Ascend to starter fertilizer did not
significantly improve average vegetative SPAD values at V5 growth stage in Verona
2016.
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Figure 4.56

Treatment effect on days to tasseling of Dekalb 55-93, Verona 2016.

Days to tasseling were measured from planting date to the date all of the plants in
a plot had tasseled. Starter fertilizer plus Ascend was the only treatment to differ
significantly from the control. Starter fertilizer and Zn alone did not differ significantly
from the control. The addition of Zn or starter fertilizer alone did not significantly
decrease days to tasseling in Dekalb 55-93 at Verona 2016.
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Figure 4.57

Treatment effect on days to tasseling of Pioneer 2089, Verona 2016.

Days to tasseling measurements in Pioneer 2089 showed significant growth
advantage to any treatments except Zn alone. The addition of Zn or Ascend to starter
fertilizer treatment does not significantly improve days to tasseling in Pioneer 2089 at
Verona 2016.

Figure 4.58

Treatment effect on days to mid-silk of Pioneer 2089, Verona 2016.
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Days to mid-silk measurements in Pioneer 2089 showed significant growth
advantage to any treatments except Zn alone. The addition of Zn or Ascend to starter
fertilizer treatment does not significantly improve days to tasseling in Pioneer 2089 at
Verona 2016 and does significantly increase if added together to starter fertilizer.

Figure 4.59

Treatment effect on days to full-silk of Pioneer 2089, Verona 2016.

Days to full-silk measurements in Pioneer 2089 showed significant growth
advantage to all treatments except Zn alone. The addition of Zn or Ascend to starter
fertilizer treatment did not significantly improve days to tasseling in Pioneer 2089 at
Verona 2016. Added together, Zn and Ascend significantly increase days to full-silk
compared to starter fertilizer alone.
Hybrid Yield Comparison
The two hybrids in this study were mainly evaluated based on their response to
Zn, starter fertilizer and Ascend. Results from the statistical analysis also show that
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hybrids created significant yield differences in three of the four site years – Starkville
2015 (p=0.0045; Table 4.9), Verona 2015 (p=0.0133; Table 4.10), and Verona 2016
(p<0.0001; Table 4.12). Yield in these years was not affected by treatment and only
differed due to hybrid.
Yield differences caused by hybrid are seen in Figure 4.60, Figure 4.61, and
Figure 4.62. In all three of these site years the longer season Pioneer 2089 (120 day
relative maturity) yielded significantly higher than the early season Dekalb 55-93 (105
day relative maturity).
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Figure 4.60

Pioneer 2089

Hybrid yield comparison, Starkville 2015.

Pioneer 2089 out yielded Dekalb 55-93 by 1.24 Mg ha-1 (19.8 bu ac-1) in Starkville 2015.
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Figure 4.61

Pioneer 2089

Hybrid yield comparison, Verona 2015.

Pioneer 2089 out yielded Dekalb 55-93 by 1.78 Mg ha-1 (28.3 bu ac-1) in Verona 2015
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Figure 4.62

Pioneer 2089

Hybrid yield comparison, Verona 2016.

Pioneer 2089 out yielded Dekalb 55-93 by 1.92 Mg ha-1 (30.6 bu ac-1) in Verona 2016
Discussion on Starter Fertilizer, Zinc, and Ascend effect on Growth Patterns,
Length of Season, and Yield
For this objective two hybrids (Dekalb 55-93 and Pioneer 2089) were used to
observe the effects of the treatments on two relative maturities (105-day and 120-day) on
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corn phenotype and yield. These hybrids were selected because they are high yielding
hybrids with respect to their respective relative maturity. Results from this study show
that the 120 day hybrid creates significantly higher yields than the 105 day hybrid.
Treatments had no effect on yield. Starter fertilizer increased plant growth, leaf
chlorophyll content, and decreased time to reproductive silking stage.
Objective III –Vegetation Indices sensitivity to SPAD and Normalized Yield
The third objective of this research effort was to determine the sensitivity of VIs
in relation to SPAD and normalized yield for V5 and VT growth stages. Measurements
for this portion of the research were collected using the experimental design for Objective
II. Plot data were combined to assess VI accuracy across treatments and hybrids.
Location and year are separated below because of differences between locations.
2015 Starkville, Miss.
For the 2015 Starkville trial, NDRE and LREI were most related to variations in
SPAD readings at V5, while GNDVI was most sensitive to relative yield at V5. At VT
GNDVI and NDVI were most sensitive to SPAD and relative yield, respectively (Table
4.14).
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Table 4.14

Starkville 2015 V5 and VT root mean square errors slopes and sensitivity
equivalents of selected indices.
SE Sensor - V5

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

SE Sensor - VT

Relative
SPAD Yield
RMSE
0.019
0.020
0.016
0.022
0.015
0.023
0.447
0.622
0.022
0.029
0.143
0.191
SLOPE
0.002
0.037
0.004
0.061
0.004
0.017
0.113
1.475
0.005
0.005
0.031
0.081
SEq
0.084
1.864
0.238
2.778
0.269
0.761
0.252
2.373
0.212
0.156
0.215
0.425

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

Relative
SPAD Yield
RMSE
0.010
0.012
0.017
0.037
0.016
0.034
0.575
1.191
0.020
0.041
0.183
0.374
SLOPE
0.001
-0.030
0.005
-0.064
0.005
-0.038
0.170
-1.102
0.006
-0.035
0.053
-0.251
SEq
0.118
-2.563
0.318
-1.747
0.304
-1.110
0.295
-0.925
0.298
-0.847
0.289
-0.672

2015 Verona, Miss.
In 2015 Verona, LREI and SCCCI were most sensitive to relative yield and
SPAD, respectively (Table 4.15). For VT, SCCCI and ENDVI were most sensitive to
SPAD readings and relative yield, respectively.
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Table 4.15

Verona 2015 V5 and VT root mean square errors slopes and sensitivity
equivalents of selected indices.
SE Sensor - V5

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

SE Sensor - VT

Relative
SPAD Yield
RMSE
0.019
0.019
0.026
0.028
0.018
0.021
2.186
2.144
0.019
0.024
0.167
0.196
SLOPE
0.001
0.021
0.005
-0.012
0.004
0.013
-0.151 -10.507
0.005
0.008
0.039
0.058
SEq
0.038
1.097
0.176
-0.419
0.243
0.633
-0.069
-4.900
0.281
0.348
0.232
0.298

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

Relative
SPAD Yield
RMSE
0.013
0.015
0.018
0.031
0.013
0.025
0.445
0.822
0.014
0.028
0.140
0.246
SLOPE
0.001
-0.041
0.005
-0.076
0.004
-0.072
0.124
-0.233
0.004
-0.080
0.037
-0.784
SEq
0.111
-2.709
0.257
-2.441
0.290
-2.895
0.279
-0.284
0.311
-2.872
0.262
-3.187

2016 Starkville, Miss.
There was little difference in 2016 Starkville in the sensitivity of SCCCI and
ENDVI to variations in SPAD readings at V5 (Table 4.16). NDVI was the least sensitive
at V5 for SPAD readings. NDRE was the most sensitive to relative yield at V5 growth
stage. At VT, SCCCI was the most sensitive to SPAD readings and NDRE/ENDVI were
similarly sensitive to relative yield readings (Table 4.16).
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Table 4.16

Starkville 2016 V5 and VT root mean square errors slopes and sensitivity
equivalents of selected indices.
SE Sensor - V5

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

SE Sensor - VT

Relative
SPAD Yield
RMSE
0.019
0.019
0.019
0.022
0.014
0.022
0.534
0.798
0.016
0.028
0.147
0.251
SLOPE
-0.001
0.008
0.004
0.025
0.005
0.031
0.171
1.098
0.007
0.038
0.059
0.333
SEq
-0.046
0.442
0.207
1.124
0.323
1.442
0.320
1.375
0.419
1.339
0.400
1.327

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

Relative
SPAD Yield
RMSE
0.020
0.021
0.019
0.029
0.014
0.024
0.673
1.156
0.017
0.031
0.195
0.343
SLOPE
0.002
0.073
0.005
0.153
0.004
0.136
0.212
6.308
0.006
0.167
0.064
1.950
SEq
0.087
3.540
0.270
5.212
0.329
5.741
0.316
5.455
0.345
5.449
0.330
5.691

2016 Verona, Miss.
For the 2016 Verona experiment, NDRE and LREI behaved similarly (0.0008)
and had the greatest sensitivity to leaf SPAD chlorophyll readings at V5. The GNDVI
was the most sensitive for relative yield at V5. SCCCI and ENDVI were essentially the
same sensitivity to SPAD values at VT, with SCCCI also being the most sensitive to
relative yield at this growth stage (Table 4.17).
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Table 4.17

Verona 2016 V5 and VT root mean square errors slopes and sensitivity
equivalents of selected indices.
SE Sensor - V5

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

SE Sensor - VT

Relative
SPAD
Yield
RMSE
0.017
0.018
0.021
0.025
0.016
0.021
0.571
0.732
0.019
0.024
0.162
0.204
SLOPE
0.002
0.044
0.005
0.075
0.005
0.046
0.163
1.775
0.005
0.041
0.044
0.380
SEq
0.124
2.498
0.235
2.986
0.285
2.220
0.286
2.425
0.275
1.752
0.270
1.864

NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI
NDVI
GNDVI
NDRE
LREI
SCCCI
ENDVI

Relative
SPAD
Yield
RMSE
0.022
0.031
0.021
0.037
0.013
0.026
0.696
1.248
0.014
0.029
0.190
0.397
SLOPE
0.005
0.028
0.007
0.087
0.005
0.057
0.219
2.189
0.005
0.073
0.074
0.960
SEq
0.201
0.907
0.320
2.345
0.366
2.222
0.315
1.753
0.394
2.530
0.390
2.415

Combined Locational Observations
NDVI was generally insensitive to all SPAD and normalized yield measurements
across all locations, with the exception of Starkville 2015 VT growth stage. GNDVI was
only sensitive to relative yield at V5 in Starkville 2015 and Verona 2016. GNDVI
showed sensitivity to VT SPAD in Starkville 2015, but not at other locations. NDRE was
sensitive to SPAD at V5 in Starkville 2015 and Verona 2016. NDRE was sensitive at
both V5 and VT with respect to relative yield, but only in Starkville 2016. LREI Showed
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V5 SPAD sensitivities at Starkville 2015 and Verona 2016, was only sensitive in one
location for relative yield-V5 at Verona 2015. SCCCI was the most sensitive index
measured for SPAD readings. SCCCI was sensitive to V5 and VT SPAD readings at
Verona 2015 and Starkville 2016, and sensitive to VT at Verona 2016. SCCCI was only
sensitive to relative yield at VT growth stage in Verona 2016. ENDVI was sensitive to
relative yield in Verona 2015 and Starkville 2016. ENDVI showed sensitivity to V5 and
VT SPAD readings at Starkville 2016 and Verona 2016, respectively.
Discussion on Vegetation Indices sensitivity to SPAD and Normalized Yield
In conclusion, the purpose of this objective was to describe sensitivity of Vis in
relation to SPAD and normalized yield for V5 and VT growth stages. This study shows
that none of the indices are sensitive to changes in SPAD throughout the growing season
across all locations, V5 to VT.
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CHAPTER V
CONCLUSIONS
Objective I
The purpose of this objective was to examine phenotypic characteristics of
relative maturities using parameter data collected throughout the growing season.
ANOVAs and r2 statistics were conducted to determine if any phenotypic responses
correlated to relative maturity, in order to shorten the growing season of grain corn in east
central to northeastern Mississippi, while maintaining grain yield potential.
Results of these experiments suggest that choosing a shorter season hybrid
decreases yield potential by 0.09-0.15 Mg ha-1 (1.5-2.3 bu ac-1) for each day of decreased
relative maturity. Positive correlations of phenotypic responses to relative maturity and
yield include: plant height at VT, days to tasseling, days to mid-silk, days to full silk,
weight of 100 kernels, kernels per row, and grain moisture at harvest. Stand counts were
positively correlated to relative maturity and thinned to uniform populations. Kernel rows
were negatively correlated to relative maturity and yield in 2016. Measurements of vigor
rating, leaf area index, canopy temperature, and SPAD did not correlate to relative
maturity or yield.
Economic analyses are needed to determine if earlier maturing varieties have an
ability to fit in to different farming practices for catching early harvest periods. This
research should be conducted to determine if earlier maturing varieties decrease
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economic costs such as water use efficiency and decreased pesticide use due to their
shortened growing season. Future research should include additional locations such as the
delta and coastal regions of Mississippi as well as different sources of germplasm to
optimize hybrid placement and yield potential on the right soil conditions in the state.
Objective II
The purpose of this objective was to evaluate the effects of starter fertilizer, foliar
Zn, and plant hormone blend Ascend on growth patterns, length of season, and yield on
two maturities in corn. ANOVAs were conducted to determine differences between
treatments and list suggestions for future use.
Results from this study suggest starter fertilizer alone affected growth
characteristics of hybrids significantly above untreated controls. Addition of foliar Zn and
Ascend hormone blend did not significantly increase yield above starter fertilizer alone.
Starter fertilizer significantly increases accelerates growth rate as shown by plant height
V5 and V7, SPAD values at V5, and significantly decreases days to tassel and silking
reproductive growth stages. None of the treatments affected yield.
Future research should include variable rates of each of the treatments and
separation of treatments. Economic analysis should be done to track economic outcomes
of using these treatments. There could be useful information on the rate of starter
fertilizer applied to inform farmers on practical as well as the economic use. Research
should also be expanded to include hybrid maturities that cover the full range available in
the region.
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Objective III
The purpose of this objective was to describe sensitivity of vegetation indices in
relation to SPAD and normalized yield for V5 and VT growth stages. This study was
applied to the same treatments, hybrids, and sites as Objective II. Root means squared
errors and SEq values are used to determine accurate connections from VIs to SPAD and
normalized yield readings.
Leaf probe measurements are devoid of soil background and therefore are very
sensitive to leaf properties without interference of unwanted background effects from
spectral reflections. Additionally, the leaf probe employs a light source to reduce
atmospheric effects. The four red-edge indices used are more sensitive to changes in leaf
SPAD readings (a detector of leaf chlorophyll content) than NDVI and GNDVI. None of
the indices proved to be sensitive to changes in SPAD throughout the growing season
across all locations, V5 to VT. SCCCI was the most sensitivity to SPAD at V5 and VT;
however, this only occurred at two of the four locations. This supports conclusions from
Strachcan et al. (2002) who determined no single VI best described corn crop
characteristics throughout the entire growing season.
Future research should include use of spectral imagery from differing platforms in
order to determine accuracy of VI readings. Other platforms including soil background
pixels could show how much effect scale has on VI readings.
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